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pbeface. 


It must have been apparent to the luimeroiis Of- ^ 
fleers of the Army as well as to the various other 
persons appointed to the Revenue Surveys in India, 
that scarcely one of the many English Tvorhs on 
Geodesy extant, touch on, or afford any practical 
insight into, the S3'Stcni of Survey as carried on, and 
as peculiarly applicable to this country. Valuable and 
of high order as many of these works arc, and of great 
importance as fixing the leading and fundamental 
principles of the profession, they are destitute of the 
most essential parts of an Indian Surveyor’s duty, and 
of the most useful details, for adopting such princi- 
ples to the nature of the country tvith which he has 
to contend. 

A Surveyor of even some cxpericnoe, when placed 
in situations of difficulty and responsibility so common 
in the almost boundless fields still left unexplored in 
this vast country, with no competent adviser at hand, 
and far removed from all chances of assistance, may, 
and often does feel greatly at a loss ; the want of 
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some siicli work thci’ofore, as the present, forming a 
concise Manual, adapted to the peculiar reejuiroments 
of tliis country, and condensing into a small space, 
not only what alone can be found in a vast number 
of standard and expensive woj’ks, but embodying the 
precise jModus Operand! of the Department from un- 
publislied and exclusive sources, appears now to be 
called for ; and it is hoped, that in the absence of any 
other similar publication, which the Editors have long 
most anxiously looked for, from abler hands, the 
present attempt not be altogether out of place. 

The great extension of Surveys in India of late 
3'ears, and the annexure of another large Province to 
the British Dominions, giving rise to the immediate 
necessity for a Survey and Assessment, has opened a 
■wide held for tlie practical cjnidoymejit of Suiweyors 
of all descriptions, both European and Native, In a 
Department therefore whicli demands a certain amount 
of qualification (the test for which will be found in 
the Appendix) it is highly desirable that previous 
study and fitness should form the pretensions of per- 
sons enlisting in its ser-vdcc. The establishment like- 
wise of a Ci'vdl Engineering College at Iloorkee, in 
the North AVestern Provinces, by His Honor the Lieu- 
tenant Governor, for the training of 3muths of this 
country, as well as of European Non-Commissioned 
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Officers and Privates of the Army, in the several 
branches of practical science, has given an additional 
impetus to the undertaking, and the compilation now 
offered to the public has been prepared with these 
views, as well as for practical men generally. 

The arrangement of the work is consequently in 
the first two parts elementary, the materials for 
which have, of necessity, been for the most part 
extracted from various Authorities, chiefly from the 
well-known and most useful works of Mr. Simms, the 
Civil Engineer, and late Consulting Engineer to the 
Government of India, “ On Mathematical Instru- 
ments” and “ On Levelling”. From Heather’s “ Trea- 
tise on Mathematical Instruments”, “ Jackson’s” and 
“ Frame’s Surveying,” “ Adam’s Geographical Essays,” 
&o. &c., full extracts have been also made, and the 
acknowledgments of the Compilers are here duly 
recorded for the same, as well as to those authors 
from whose works extracts have been made as quoted 
in the Text. In the remaining Parts of the Book, 
it has been the aim, to render the information 
generally useful, not only to the Professional Sur- 
veyor, but to the Traveller and the Explorer of 
neighbouring coimtries, the Quarter Master General’s 
Department, and for Ecvenuo Officers, and Civil 
Authorities of Districts, whore professional assis- 
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I mice; caimof, Im oLiainod. and every Collector must 
be liisS own Surve3'or. 

’'i’hroiigb file liberal fiiicl kiiui assistance of Lieut. 
Colonel Wnui,di, Surveyor General of Judin, in placing 
file records of bis office at. tbeir disposal, tbc Editors 
ha\’e enjoyed great advaniagos, of -wbicb they have 
not failed to avail tbcmsclvcs to tbe fullest extent, for 
Ibis as well as for much valuable advice, their thanks 
are eminently due, and most cordially oflcred. 

Ill Parts 111, and V. the Compilers have been very 
largely assisted by Pabii ILadhanath Sickdhar, the 
distinguished head of the Computing Department of 
the Great Trigonometrical Survey of India, a gentle- 
man whose intimate acquaintance with the rigorous 
forms and inode of procedure adopted on the Great 
Trigonometrical Survc}" of India, and great acquire- 
ments and knowledge of scientific subjects generally, 
render his aid particularly valuable. The Chapters 15 
and 17 up to 21, inclusive, and 2G of Part III. and the 
whole of Part Y. arc entirely his own, and it would 
be difficult for the Compilers to express with sufficient 
force, the obligations they tlins feel under to him, not 
onl)'^ for the portion of the work which, they desire 
thus x^iiblicly to acknowledge, but for the advice so 
generally afforded on all subjects connected with his 
own department. 



In the Typographical appearance of the work nei- 
ther expense or trouble has been spared, and it is 
hoped that the Diagrams and Plates drawn on Stone, 
and struck off separately after the printing of the 
text, will be at least equal in clearness and precision 
to the wood cuts of an English volume. The em- 
ployment of two distinct presses has of course caused 
infinite trouble and delay, but tlie art of wood cutting 
in Calcutta, is stiU almost unknown, and it was 
therefore hopeless to cany out the design by any 
other means than those adopted. In the correction 
of the Press the utmost pains have been taken, and 
although the Errata in the first few pages are more 
numerous than could bo desired, the latter part of 
the work will, it is believed, be found as eorreot as 
it is possible to print such difficult matter in this 
country. Most of the computations have been re- 
worked after the figures were in print, and every 
proof has had five or six readings. 

The preparation of the work has been carried on 
under a press of engagements, and merely at moments 
of leisure after other arduous duties of the day had been 
attended to, which has caused the time of its publica- 
tion to be very much protracted. That it contains 
many defects, the compilers are fully sensible of — 
there is much which in the arrangement and the matter 



tlicy woiilfl willingly al(cr if in ilicir power. They 
only tlcsire to remind their readers, that the space de- 
voted to certain subjects precluded the possibility of 
entering into them more fully; in some single Chapters 
arc condensed, -what might with case be extended 
into a volume. It is not professed to treat of the 
higher branches of Geodesy, for instance, — the jilea- 
surement of Base Lines, by Compensation Bars, — ^the 
Treatment of observed angles according to the Theory 
of minimum squares, so as to satisfy the Geometrical 
conditions of the figures to wliich they may appertain, 
— or all the refinements necessary to carry out. an 
important Trigonometrical Survey, such as that 
now in progress in this country. The object has 
been to include so much merely, as may he useful 
and necessary for ordinary Topographical or Reve- 
nue Surveyors^ and if the materials thus thrown 
together have the effect of maintaining a high stand- 
ard of accuracy in whatever Survey oj)erations may 
be undertaken, to keep pace with the refinements 
of the present day, and to the benefit and extension 
of our geographical Iniowledge, the labor expended 
in passing such a volume through the Press, will 
be most amply repaid. 
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lilait K. 

GEOMETRY. 

CHAPTER I. 

WECESSARV DEFINITIONS AND FIRST FRINCIPLES. 
Geometry is the science that treats of the properties of 
magnitude in general. The subjects wliich it considers are 
extent of distance, extent of surface, and extent of capacity or 
solid content It is the foundation of Mensuration, Surveying 
and other practical branches; it embraces the measurement 
equally of the earth and the heavens; it forms with arithmetic 
the basis of all accurate conclusions in the mixed sciences, and 
there is scarcely any mechanical art, our views of wliich may 
not be improved by an acquaintance with it 

The truths of Geometry are founded on definitions, each 
furnishing at once an exact notion of the thing defined, and 
the groundwork of all conclusions relating to it TJio lead- 
ing definitions are as follows — 

A point is that which has position but not magnitude, 

A line is length without breadth. 

* B 
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CottoixAnv. — Tl)c extremities of a line are points; and 
tlie intersections of one line Avitli another are also points. 

If two linos are such that they cannot coincide in any two 
pointSj without coinciding altogether, each of them is called a 
straight lino. 

Conou.Anv. — Hence two straight lines cannot enclose a 
space. Neither can two straight lines have a common seg- 
ment; for they cannot coincide in part, without coinciding 
altogether. 

A superficies is that which has only length and breadth. 

ConoLi.ATiY. — The extremities of a superficies are lines; and 
the intersections of one superficies with another are also lines. 

A plane superficies is that in which any two points being 
taken, the straight line between them lies wholly in that 
superficies. 

A plane rectilineal angle is the inclination of two straight 
lines to one another, which meet together, but are not in the 
same straight line.* 

When a straight line standing upon another 
straight line makes the adjacent angles equal 
to one another, each of them is called a right 
angle, and the straight line which stands upon 
the other is called a perpendicular to it. 

If an angle is not right it is called oblique. a 

An oblique angle is said to be acute or obtuse ^ j 

according as it is less or greater than a right y/ 

angle. Thus: ABC is a right angle, DBG 
an acute angle, and EBG an obtuse angle. ^ 

^ When several angles arc at one point B, any one of them is ex- 
pressed by three letters, of which the letter that is at the vertex of the 
angle, that is, at the point in which the straight lines that contain the angle 
meet one another, is pnt between the other two letters, and one of these two 
is somewhere upon one of those straight lines, and the other upon the other 
line. Thus the angle which is contained by the straight lines AB, CB is 
named the angle ABC, or CBA ; that which is contained by AB, BD is 
named the angle ABD or DBA, and that which is contained by DB, CB is 
called the angle DEC or CBD, but if there be only one angle at a point it 
may bo expressed by a letter placed at that point. 
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A figure is that ^YlucI^ is enclosed by one or more boun- 
daries. The space contained within n figure is called the 
Area of tlie figure. 

A plane triangle is a figure bounded by three right lines. 

A triangle is said to bo right^ngled when r\ 
it has a riglit angle. Of triangles which are \ 
not right-angled, and which arc>.lhcrcforo a 

said to bo oblique-angled^ an ohtnse-angled tri- ' ^ 

angle, is that which has an obtuse angle, and 
an acute-angled triangle is that wlijcli has \ n. 
three acute angles, Thus t \ * 

A is a right-angled triangle. /\ ' 

B an ohtuso-anglcd triangle. ' \ 

0 an acute-angled triangle. i /\ 

An ISquilateral triangle is that which has ^ ^ 

all three sides equal. ^ 


An Isosceles triangle is that which has only 
two sides equal. 

A Scalene triangle is that which has all its 
sides unequal. 


The three sides of any flic same triangle arc frequently 
distinguished by giving to one of them the name of base, in 
which ‘case the other two arc called the tico sides, and tho 
angular point opposite to the base is called the vertex. 

In a riglit-anglcd triangle, tlio side which is opposite to 
the right angle is called the hgpothenuse; and of tho other 
two sides, one is frequently termed the base, and tho other 
tlie perpendicular. 

Parallel lines arc those wliich have no in- 

clination towards each other, and are every 

where equi-distant. 

All Plane figures bounded by four sides are called quad- 
rangles or quadrilaterals. 
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A Paralldogrnm isn r|ua(1mj)^]c tvJjioJj has ^ 

its opposite sides parallel. / 

A JRhotnhuf! is a fpindranglc ^vlIicll has all ^ 
its sides crjual, but its angles nro not right 


angles. 
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A Blwmhokl is a quadrangle ^vliich has 
its opposite sides equal to one another, but 
all its sides arc not equal, nor its angles 
right angles. 

A Bcctangh is a quadrangle which has a 
right angle. 

A Square is a rectangle which has two 
* 

adjoining sides equal. 


/ 

zL, 



All other four-sided iigures arc called 
Trapeziums, and all figures containing more 
than foiu* sides are called Polygons, 

A JRcyular Polygon is that wliosc angles 
and sides arc all equal. 

The Altitude of a parallelogram or triangle, 
is a perpendicular drawn to the base from 
the angle opposite. 

Tlie Diagonals of a quadrilateral are the 
straight lines wliich join its opposite angles, 

A Czrele is a plane figure bounded by a 
curved line called the Circumference, every 
part whereof is equally distant from a point 
within the same figure called the Centre, thus : 
ABDE is the circumferejice and C the centre. 

The Diameter of a circle is a straight line 
drawn through the centre, and terminated 
both ways by the circumference, thus : AB is 
the diameter of the circle ADBE. 

The Badius of a circle is a straight line 
drawn from the centre to the circumference, 
thus: OA is the radius of the circle ABDE. 


\ 








A ofa circle is tlicfigiire contained 



by a straight lino and the portion of the cir- 
curaferenco it cuts off, thus: ABJD is a seg- 
ment of the circle AEDB. ^ 

A Sector of a circle is any part boundetTby 
an arc and tn’O radii to its extremities, thus: 

ACB is a sector of the circle BAD. 

Tlie circumference of every circle is supposed to be divided 
off into 360 equal parts, called degreeSf each degree is sub- 
divided into CO equal parts, called vtinntes, and each minute 
into GO equal parts, called seconds. Degrees arc expressed 
thus:® minutes, thus:' seconds, thus:" 

A Quadrant of a circle will therefore contain 90 degrees, 
and a Semicircle 180 degrees. 


The Measure of every plane angle is an arc of a circle, hose 
centre is the angular point, and is said to bo ofsomanyd?j7rc«, 
minutes and seconds, as are contained in its measuring arc. 

Tho Complement of an arc or angle, is what it wants of a 
right angle or 90 degrees. 

The Supplement of an arc or angle, is what it wants of two 
right angles or 1 80 degrees. 

The Magnitudes of arcs or angles, nro determined by certain 
straight lines, appertaining to a circle, called Chords, Sines, 
Tangents and Secants, 

The Chord of an arc is a straight line, joining its extreme 
points. 

Tho Sine of an arc is a line drann from citlier end of it, 
perpendicular to a diameter meeting tho other end. 

The Tangent of an arc is a Hue proceeding from, either cud, 
perpendicular to tho radius joining it; the length of which is 
limited by a line drawn from tho centre through tho other end. 

The Secarit of an arc is the lino proceeding from the centre,"*! 
and limiting the tangent of tho same arc. 

The Versed Sine of an arc is that p***** 
tcrcepted between tho sine and the ^ 



'I'ho Co-Sinr, Co-Tunf/cntf r*tc,, of niiy niv is the Sinr, 
Tnnrjnit^ etc., »){' its romplcinent. 'j'lais : 

is the VhonUy ^ llic ^/\ 

arc yVO. / ; 

J''R. is the Sinr of the y 

arcs aiul 3'^AD. 

‘\"J\ is tlio of ■ , / 

tiic arc 1*' V. ; , / 


-Ji 






i- 


/ 


/ 


i/ 


V 


O'r, is tlic &ra}it of tlic 

niv. yy. 

31V, KD, arc the T Vr- 
sifl .Shirs of the ares, 

1^'V, and FAD. 

FG is tlic Cti-Siw', AI the Co-'rnnrjcnt , and Cl tlie Co^ Secant 
of the arc FV. 

"J’Jie Chord of C0°, tlic Sine of fifPj the J^crsed-Shie of 90°, 
the I'angcM of A'o°, and the Secant of 0° are all equal to the 
radius. 


It is obvious that in making use of these lines, the same 
radius must always be used, otherwise there would be no 
settled proportions between tlicm. 

A Theorem is a proposition, wherein something is proposed 
to be demonstrated. 

A Problem is a proposition, wlierein something is to be 
done or effected. 

A Lcm^na is some demonstration, previous and necessary, 
to render what follows the more easy. 

A Corollary is a consequent truth, which follows immediate- 
ly from some iweceding truth or demonstration. 

A Scholium is a remark or observation. 

An Axiom is a proposition, wdiich is assumed to be true, 
without demonstration. 

A Postulate is • something, which is assumed as possible 
to be done, without demonstrating how it is to be done. 


AXIOMS. 


1. Tilings which arc e^ual to the same thing, arc cq^ual to 
one another. 

2. If equals ho adtlwl to equals, the wholes are equal. 

3. If equals be taken from equals, the remainders arc 

equal. , 

4. If equals be added to uncquals, the wholes arc equals. 

5. If equals be taken from uncquals, the remainders arc 
unequals. 

C. Things which arc double of the same, arc equal to one 
another. 

7. Things which are halves of the same, arc equal to one 
anotlicr. 

8. Magnitudes which coincide with one another, that is, 
which exactly fill the same space, are equal to one another. 

9. Tlio whole is greater than its part. 

10, All right angles arc equal to one anotlicr. 


POSTULATES. 

1. That .a right liuo may bo drawn from any one given 
point to another. 

2. That a right lino may bo produced or continued at 
pleasure. 

3. That from any centre and with any radius the circum- 
ference of a circle may bo dcscribe<h 

4. It is also required, that the equality of lines and angles 

to others given, be granted as possible ; That it is possible 
for one right line to bo perpendicular to another, at a given 
point or distance ; and timt every magnitude lias its lialf, third, 
fourth, &c,, part ' 
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SIGNS. 

The Sign = denotes the quantities between which it stands 
to be equal. 

.The Sign + denotes the quantity it precedes to be added. 

The Sign — denotes the quantity which it precedes to be 
subtracted. 

The Sign x denotes the quantities between them to be mul- 
tiplied into each other. 

The Sign ■— stands for division. 

The Sign > greater than. 

The Sign < less than. 

The Sign co Difference between. 

To denote that four quantities. A, B, C, D, are proportional, 
they are usually written thus : A ; B : : C : D, and read thus ; 
A is to B, so is 0 to D ; but when three quantities. A, B, C, 
are proportional, the middle quantity is repeated, and they are 
written A : B ; : B : 0. 



CHAPTER 11. 


PRACTICAL GEOMETRY. 


GEOMETRICAL THEOREMS. 

Theorem I. 

If a rigid line falls on another, as AB, or EB does on CD, xt 
either tnalies with it two right angles, or two angles equal to 
two right angles, 

1. If AB be perpendicalar to CD, 
then the angles CBA and ABD, will 
bo each a right angle. 

2. But if EB fall obllciuely on CD, 
then will the angles DBE + EBC = 

DBE + EBA (= DBA) + ABO, or 
to two right angles. Q. E. D. 

Corollary 1, If any ninnher of right lines are drawn from 
one point on the same side of a right line; all ’ ' angl^»-«nade 
by these linos will ho equal to two right 
Cor. 2. All the angles whicli can ’ 
will be equal to four right angles. 
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Theo. II. 

If one right line crosses another , as AC does BD, the opposite 
angles, .made bg those' lines, will be equal to each other, that is 
ABB to GED and BBC to AED. 

By Tlieorem I. BEO + CED = 2 
right angleSj and CED + DEA = 2 
right angles. 

Therefore (by Axiom 1.) BEG + g- 
CED = CED + DEA, take CED 
from both, and there remains BEC- 
= DEA. (by Axiom 3.) 

In the same manner CED + AED = 2 right angles ; and 
AED + AEB = 2 right angles : ■wherefore taking AED from 
both, there remains CED.= AEB. Q. E. D. 


Theo. III. 

If a nght line crosses two parallel lines as GH does AB and 
CD then, 

Is/f. The sum of the interior angles on the same side will he 
equal to two right angles, that is ABF + CFB egual to tioo 
right angles and BEF + DFE equal to tioo right angles. 

2nd. The alternate angles will be equal, that is ABF = 
EFD and BEF = CFB. 

Zrd. The exterior angle toill be equal to the interior and op- 
posite one on the same side, that is AEG = CFB and BEG 
= DFE. 

1st, If the angles AEF and CEE be not equal to two right 
angles, let them, if possible, be greater than 
two right angles ; — then because the lines 
AE and CF are not more parallel than ^ 

EB and FD, the angles BEF and DFE are 
also greater than two right angles. There- 
fore the four angles AEF, CFE, BEF, DFE 
are greater than four right angles and (by Theorem I.) 
they are also equal to four right angles which is absurd. 

In the same manner it may be shown that the angles AEF 
and CFE cannot be less than two right angles. Therefore 
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they arc equal to two right angles. VThcrcfoTC also iho an- 
gles BEF and DEE arc equal to two right angles. 

2nd. Now AEF + OFE = two right angles. Again (by 
Theorem I.) CEE -t- DEE = two right angles. Therefore 
(by Axiom )) AEF + CFE s= CEE q- DEE. Take away 
CEE from both and there remains AEF = DFE (by Axiom 3). 
In tho same manner wo prove that BEF = CFE. 

/ 3rd. Now BEF = CFE, and (by Tlicorem II.) BEF = 
AEC. Thereforo AEG = CFE (by Axiom I.) Intlic saino 
way we prove BEG = DFE. Q. E. D. 


Tneo. IV. 

^ in any triangle ABC^ one of its sides as JDC is produced 
towards Ds it will make the external angle A CD equal to the 
two internal opposite angles taken together ; wV. to B and A. 
Through 0 let CE ho drawn parallel ^ 
to AB; then since BD cuts the two 
parallel lines, BA, CE; tho angle 
ECD B, (by part 3 of tho last Theo.) 
and again, since AC cuts tho samo ^ 
parallels, the angle ACE « A (by part" 



2 of the last Theo.) Therefore ECD -{. ACE 
s= B -p A. Q. E. D, 


AGD 


TiiEO. V. 


Jn any inangle ABCf all the three angles taken together are 
equal to two right anglesy wr. ^ B + ACZ? «= tico 
right angles. 


Produce BO to any distance as D, 
then (by the last Theo.) AC0 »= B + 
A; to both add ACB; tlien ACD + 
AOB == A -b B + ACB; But ACD 
+ ACB 2 right angles (by TJico. 
I.), therefore the three angles A + B 
-b ACB == 2 right angles. Q. E,.D. 

Cor. 1. If one angle of a triangle 
of the other two is also known: For ■ 
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of every irianglo contain t'.vo right angles or 160 degrees, 
therefore 180 less the given angle will he equal to the sum of 
the other two; or 180 less the sum of two given angles, 
gives the other one. 

Cor. 2. In every right-angled triangle, the two acute 
angles ' no degrees, or one right angle : Tiiercforc 90 de- 
£irces less one acute angle, gives the other angle. 

Cor. 3. All the interior angles of anj' rectilineal figure, 
together with four right angles, arc equal to twice as many 
riglit angles ns the figure has sides. 

For any rectilineal figure 
ABODE, can be divided into as 
many triangles as the figure Ims 
sides, b}’ drawing straight lines 
from a point F within the figure 
to each of its angles. And, by 
this Theorem, all the angles 
of these triangles are equal to 

twice as many right angles as there are triangles, that is, as 
there are sides of the figm’c ; and the same angles are equal to 
the angles of the figure, together with the angles at the point 
F, which is the common vertex of the triangles ; that is, toge- 
ther with four right angles. Therefore all the angles of the 
figure, together with foiu’ right angles, ai’e equal to twice as 
many right angles as the figure has sides. 

Cor. 4. All the exterior angles of any rectilineal figure 
are together equal to four right angles. 

Because every interior angle 
ABO, with its adjacent exterior 
ABD, is equal to two right 
angles; therefore all the interior, 
together with all the exterior 
angles of the figure, are equal 
to twice as many right angles 
as there are sides of the figure; 

that is, by the foregoing corollary, they are equal to all the 
interior angles of the figure, together with four right angles ; 
therefore all the exterior angles are equal to four right angles. 
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Tuko. VL 

If in any Uco tnangks, ASCy DI^Fy (here he Uco «V/cj, Ally 
AC, Hi the one, scierally equal to two shies, DE, DP, in the 
other, and the angle A contained beticecn the tico sales in the 
one, equal to the angle D in the other ; then the remaining 
angles of the one, tcill be scverallg equal to those of (he other, 
viz : D ^ E and C *== 1^ ; and the base of the one, D C, tcill 
be equal to EF, that of the other. 

If tbo triangle ABC be sup- 
posed to be laid on the triangle 
DEF, so as to make the points 
A and B coincide ^\ith D nndE, 
which they ill do, because AB 
*= DE ; and since the angle A 
«D, the lino AC will fall along DF, and inasmuch as tlioy 
are supposed equal, 0 will fall in F; seeing therefore the 
three points of one coincide with those of the otlier triangle, 
they are manifestly equal to each other; thereforo the angle 
B-=EandO-=F,audBC«EF. Q.E.1). 



Lkjima. 


If two sides of a triangle ADC be equal to each other, that is 
AC" CD ; the angles which arc opposite to those equal sides, 
will also be equal to each other, viz : A — D. 


For let the triangle ABC be divided 
into two triangles CD A, CDB, by mak- 
ing the angle ACD — DCB (by postu- 
lated) then because AC — BC and CP 
common, the triangle ADC = CDB ; 
and therefore the angle A = B. Q. E. D. 



Cor. If from any point in a perpendicular swhich bisects 
a given line, there be drawn right lines, .to the extreim'ties 
of the given one, they with it will form an isosceles triangle. 
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Theo, VII. 



T/ie angle BCD, at. the centre of a circle ABED, is doulle 
the angle BAD at the circumference, ^ 

Tlirough the point A, and the centre 
C, draw the line ACE : Then the angle 
ECE = CAD + CDA; (by Theo. 4) 
but since AO == CD being radii of the 
same circle, it is plain (by the preceding 
Lemma) that the angles subtended by 
them, will be also equal, and that their sum is the double of 
either of them, that is DAC -f* ADC is double of CAD, and 
therefore ECD is double of CAD; in the same manner BCE 
is double of CAB, wherefore, BCE -f- ECD or BCD is double 
of BAO + CAD or of BAD. Q. E. D. 

Cor. 1. An angle at the circumference is measured by 
half the arc it subtends or stands on. n 

Cor. 2. All angles at the circum- 
ference of a circle which stand on the 
same chord as AB, are equal to each other 
or they are all measured by half the arc 
they stand on, viz. by half the arc AB. 

Cor. 3. An angle in a segment greater than a semi- 
circle is less than a right angle; thus ADB is measured by 
half the arc AB, but as the arc AB is less than a semi-circle, 
the arc AB or the angle ADB is less than half a semi- 
circle, and consequently less than a right angle. 

Cor. 4. An angle in a segment less 
than a semi-circle is greater than a right 
angle, for since the arc AEC is greater 
than a semi-circle, its half, which is the 
measure of the angle ABC, must be 
greater than half a semi-circle, that is, 
greater than a right angle. 

Cor. 5. An angle in a semi-circle is 
a right angle, for the measure of the 
angle ABD, is half of a semi-circle AED, 
and therefore a'right angle. 





Tnco. VIII. 


If from the centre C of n circle AllF.^ there he ht fail the 
* j)crpendicitlQr OD oh the chord Alif it icill bisect it in the 
point D. 

Let tho lines CA and CB be drawn 

from tlie centre to the oxlrcmitic3 of the / \ 

chord, then since CA = CB, tlic angle f ^ \ 

CAB = CBA(b3*theLcinnmTiieo. G). y / 

But tlie triangles ADO, BDC arc right- 

angled triangles, since the Hue CD is a 

perpendicular; therefore the angle ACD *= DCB ; (by Cor. 2. 
Thco. 5.) then wo have AC, CD, and the angle ACD in one 
triangle, severally equal fo CB, CD, and tlie angle BCD in 
the other: Therefore (by Thco. C). AD = DB, Q. E. D. 

Cor^ JHence it follows, that any line bisecting a chord at 
right angles is a diameter; fora line drawn from the centre 
perpendicular to a chord, bisects that chord at right angles; 
therefore vice versa a lino bisecting a chord at right angles 
must pass througli the centre, and consequently bo a diameter. 

. TiiKo. IX. 

If from the centre of a circle ABE there he draicn a perpen^ 
dicidar CD on the chord AB^ and produced till it viccts the 
circle in Fy that lincy CF, icill bisect the arc AB in the point F. 

Let the lines AF and BF be drawn, 
then in the triangles ADF, BDF ; AD 
= BD (by the last Tlieo.); DF is com- 
mon, and the angle ADF « BDF being 
both right angles, for CD or DF is a per- 
pendicular. Therefore (by Thco. 6.); 

AF =rB; but in' the same circle equal lines are ‘chords of 
equal arcs, since they measure them; whence the arc AF =« 
FB, and so AFB is bisected in F, by the line CF. 

- Cor. The sine of an arc is half the chord of twice that 
arc. For AD is the sine of the arc AF, AF is half tlie arc» 
and AD half the chord AB (by Theo. 8.) 






A: 


G 


K 


Jii .imj h-itiniik ADD, th hulf af rm h Atlr /.< ihe shu' of (hr 

OppirAtr g 

I^rf tiu' i\B]) |jt< (Irav.'ii lliroiijj'h 
fhc {luitU'i Aj H, J); {Iteti tlu* niij^Ic 
})AI>B iiU'U'.tirfd hy liaif (he arc BKD, 

(by Ci'v J. Tiifo. 7) viz: Bit* rhoivl of 

BK 1 *^ tbcine.asnrc of the atiL^Ic BAD: *■ , " 

fb('Jvfor<' (by Cor. to the Inst I'iiro,) i}]-^ 

the iirtlfof BI) is the sine of BAD: Jji llio sriino wav niav be 

»' «• 

pravc<l jlirtt half of AD is the sine of AIB), and the Imif o( 
AB the sine of AD13. Q. K. D. 


Tin:o. XT. 

]j' tU'O equal (iml prirnllel Hues AD, CD, hr jol/trd Iq/ Iwo other 

linen AD, JJC, those lines trill hr also equal and jutrallcl. 

Let the diagonal 13D be 
drawn, and wc have the two tri- 
angles ABD, CDB,‘ ivhereof 
AB in one is equal to CD in tlic 
other, DB being common to 
both, and the angle ABD == 

CDB (by Part 2. Tlioo 3.) ; 
therefore (by Thco. C.) AD — 

CB, and the angle GBD— ADB, consequentlj’- the lines AD 
and BC are parallel. 

Cor. 1. The quadrilateral figure A BCD is a parallelo- 
gram, and the diagonal BD bisects the same, inasmuch as 
the triangle ABD== BDC, as no^v proved. 

Cor. 2. The triangle ADB on tlie base AB, and between 
the same parallel with the parallelogram, ABCD, is lialf the 
parallelogram. 

Cor. 3. It is also plain, that the opposite sides of a 
parallelogram are equal ; for it lias been proved that ABCD 
being a parallelogram, AB = CD and AD —BO. 





17 


Theo. XII. 

All paraUelofframs on the same or equal loses and hcttceen the 
same parallels are equal to one another, that is if BD — GlI, 
and the lines B II and AF are parallel, then the paralellofjram 

ABDC-=^ BBFE^EFjfftr 

^ „ A C t T, 

For AC = r)B = EF (by 

Cor. 3d last Tlieo.) to botli .add 
GE, tlieu AE = GF. In the 
triangles ABE, CDF ; AB =* 

CD and AE — OF and the 
angle BAE *= DCF (by part 3. 

Tlieo. 3.) ; tlierefore the triangle ABE «=. CDF (by Tlieo. G.) ; 
let tlie triangle CKE be taken from both, and wc Imvo the 
trapezium ABKC ^s-ICDFE; to each of these add tho triangle 
BKD, then the parallelogram ABCD ■=» BDEF; iii like man- 
ner 'WO may prove tho panallclogram DFJIG «=» BDEF. ’ 
Therefore ABDC = BDEF -= EFJIG. Q. E. D. 

Oor. Triangles* on. flic same or equal bases and between 
the same parallels, arc equal, seeing (by Cor. 2, Tiieo. 11.) 
they are tlie halves of their respective parallelograms. 

TnEO. XIII. 

In every nghUanglcd triangle ABC, the square of the hy- 
pothenuse or longest side i BC, or BCilll, is equal to the 
sum or the squares made on the other two sides, AB and AC, 
that is, to ABBE and ACGF. 

Through A draw’ AI'^^)cr*' 
pendicular to the Ifypothcnusc 
BC, join AH, Ailrf DO and 
BGj in the triangles BDO, 

ABH, BD = BA being sides 
of the same square, and also BC 
= BH, and the included angle 
DBO= ABH, (for DBA = 

CBH being both right angles, 
to both add ABC, tlien DBG 
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= ABH), therefore the triangle DBG = ABH (by Theo. 6.) ; 
hut the triangle DBG is half of the square ABDE (by 
Cor. 2. Theo. 11.) and the triangle ABH is half the paral- 
lelogram BKLH (by the same Theo.) ; therefore half the square 
ABDE is equal to half the parallelogram BKLH, and the 
square ABDE equal to the parallelogram BKLH. In the 
same ^Yay may be proved, that the square ACGF, is equal 
to the parallelogram KCLM. So ABDE -{- ACGF the 
sum of the squares, = BKLH = KCML, the sum of the 
two parallelograms or square BOMH; therefore the sum 
of the squares on AB and AO is equal to the square on_ 
BC. Q- E. D. 

Cor. 1. The liypothenuse of a right-angled triangle may 
be found by having the other two sides; thus, the. square root 
of the sum of the squares of the base and perpendicular, will 
be the hypothenuse. 

Cor. 2. Having the hypothenuse and one side given to 
find the other; the square root of the difference of the 
squares of the hypothenuse and given side will be the 
required side. 


Theo. XIV. 

In all circles the chord of 60 degrees is always equal in 
length to the radius. 

Thus in the circle AEBD, if the arc AEB he an arc of 60 
degrees^ and the chord AB be drawn ; then AB = CB = AC. 

In the triangle ABO, the angle 
ACB is 60 degrees, being measured by 
the arc AEB ; therefore the sum of the 
other two angles is 120 degrees (by Cor. 

1. Theo. 5.) but since AC = CB, the 
angle GAB = CBA (by Lemma Theo. 

6.) consequently each of them will be 60, the half of 120 de- 
grees, and the three angles.will be equal to one another, as well 
as the three sides : Therefore AB = BC = AO. Q. E, D. 
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Thco. XV. 

If in two triangles AT^C* aifc, all the angles of one, he each 
resgectiielg equal to all the angles of the other, that is A a, 
B — h, (7= c: then the sides opposite to the equal angles will 
he proportional, vis: 

AB: ahtl AC: ac 
AB: ablt BC: he 
and AC: HC: he 

For tlie triangles being in- 
cubed in two circles, it is plain ^ 
since the angle A « a, the arc / 

BDC — bde, and consequently \ 
tlie chord BC is to be, as the 
radius of tho ciiclo ABC is to 
tho radius of the circle abc; (lor tho greater tlic radius is, 
the greater is tlio circle described by that radinsj and con- 
sequently tho ^oatcr any particular arc of tlmt circle 
is, so the chord, sine, tangent, &c. of tlmt arc will be also 
gicater; therefore in general, the chord, sine, tangent, &c. of 
any arc is proportional to tho radius of the circle); the samo 
way the chord AB is to the chord ab, in tlie same proportion. 

Therefore AB: ab:: BC: he; in the same manner the rest 
may be proved to be proportional. 

XUEO. XYL 

If from a point A without a ciicle DBCE, there he drawn 
two lines ADE, ABC, each of them cutting the circle in two 
points; the product of one whole line into its external part , 
vis: AC into AB, will he equal to that of the other line into its 
external part, viz : AE into AD, 

LetthelinesDC, BE be drawn, 
in the two triangles ABE, ADC ; 
the angle AEB ACD, (by Cor. 

2. Theo. 7.) theangle Ais common, 
and(byCor. l.Thecr.5.)thcangIe 
ADC»* ABE; therefore the trian- 
gles ABE, ADC are mutually equiangular, and consequently, 
(by the last Theo.) AC: AE :: AD: AB; wherefore AC mul- 
tiplied by AB, Mill be equal to AE multiplied bv Q- 
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Tiir.o. XVI r. 

Triatufkf ABC, BCB, and parallidor/raws ABCF, BDEC 
huimxf the $amv alfifudr, ftart; the $atne j)ropov(lon between 
I Item selves as (heir lasts AB and JJJJ, 

Let suiy nli(]UOl j>art of AB 
be taken, which will also mea- 
sure BD: suppose that to be 
Aa, which will be contained 
twice in AB, and three times 
in BO, tlie parts Ag, gB, Bh,lu 
and iO being all orpial, and lot 
the lines gC, hO, iC bo drawn ; 

TJion (In' Cor. to Theo. 12.) all the small triangles AgC, 
gCB, BCh, &c. will be equal to each other, and will bo as 
many as the parts into which their bases were divided; 
tberefore it will be, as the sum of the ])arts in one base, 
is to the sum of those in the other, so will be the sum of 
the small triangles in the first, to the sum of the small triangles 
in the second triangle ; that is AB ; BD I ABC ; BDC. 

■ Whence also the parallelograms ABCF and BDEC being 
(by Cor. 2. Tlieo. 11.) the doubles of the triangles, are like- 
wise as their bases, Q. E. D. 



Theo. XVIIL 

Triangles ABC, DEF, standmg ttpon equal bases, AB and DE, 
are to each other as their altitudes CG and FH. 

Let BI be perpendicular to 
AB and equal to CG, in which 
let KB = FH, and let AI and 
AK be drawn. 

The triangle AIB == ACB 
(by Cor. to Theo. 12.) and 
AKB = DEF; but (by Theo. 17.) BI: BK I! ABI; ABK. 
That is CG : FH : : ABC : DEF. Q. B. D. 
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TiiEO. XIX. 

If a right line BE he drawn parallel to one side of a triangle 

A CVf it will cut the two other sides proportionallg, viz : AB : 

B0::AE:EI}. 

Draw CE and BD; the triangles 
BEC and ERD being on the same base 
BE and under the same parallel CD, 
will be equal (by Cor. to TIico. 12,), 
therefore (by Theo, 17.) ABiBCtt 
(BEA ; BEC or BEA : BED) c; AE : 

ED. Q. E. D. 

Cor. 1. Hence AC : AB AD : AE: for AC: AB 
(AEG : AEB : : A BD ; AEB) : : AD : AE. 

Cor. 2. It also appears that a right line, M-hich divides 
two sides of a triangle proportionally, must be parallel to tho 
remaining side. 

Cor. S, Hence also Theo. 15. is manifest: sinre tho sides 
of the triangles ABE, ACD being equiangular, are propor- 
tional. 



Theo. XX. 

If two iriangUs ABC, ABE, have one angle BAC, equal 
to one angle DAE, and the sides ahout the equal angles 
proportional, that is AB : AD y» AC: AE, then the triangles 
willl/e mutually equiangular. 

In AB take Ad = AD, and 
let de be parallel to DC, meet- 
ing AC in e. 

Because (by the first Cor. to 
the foregoing Tlieo.) AB ; Ad 
;:(AD)AC:'Ae,and AB:AD;: 

AC; AE; therefore Ao «= AE seeing AC boars the same 
proportion to each; and (by Theo. C.) tlie triangle Adc-=« 
ADE, tlierefore the angle Ado = D and Acd = E, but since 
ed and BO are parallel (by part 3. Tlioo, 3.) Ado = B, and 
Aed = 0, tlierefore B = D and 0 = E. Q. E; D. 



-T-t k i 



Theo. XXL 


Equiangular triangles ABC^ DEE, are' to one another in a 
duplicate proportion of their homologous or like sides ; or as 
the squares AK and DM of their homologous sides.' 

Let the perpendiculars CG, 
and FH be drawn, as well as 
the diagonals BI and EL. 

The perpendiculars make the 
triangles ACG and DFH equi- 
angular, and therefore similar 
(by Theo. 15'.) for because the angle CAG = FDH and the 
right angle AGC == DHF, the remaining angle ACG — 
DFH, (by Cor. 2. Theo. 5.) 

Therefore GC ; FH : : (AC : DF) : : AB : DE, or which is 
the same thing GC : AB : : FH ; DE, for FH multiplied by 
AB = AB multiplied by FH. 

(By Theo. 18) ABC : ABI : : (CG ; AI, or AB : : FH : DE, 
or DL) : : DFE : DLE, therefore ABC : ABI : DFE ; DLE, 
or ABC ; AK I .* DFE : DM, for AIC is double the tidangle 
ABI, and DM double the triangle DEL, (by Cor. 2. Theo. 11.) 
Q. E. D. 



Theo. XXII. 


Like polygons ABODE, ohcde, are in a duplicate proportion to 
that of the sides AB, ah, which are between the equal angles 
A and B, and a and b, or as the squares of the sides AB, ab. 


Draw AD, AC, ad, ac. 

Now AB : ab 1 1 BC : be, and 
also the angle B = b ; therefore 
(by Theo. 20.) BAC = bac; 
and ACB = acb ; in like man- 
ner EAD = ead, and EDA = 
eda. If therefore from the 
equal angles A, and a, we take the equal ones EAD + BAC 
= ead + bac, the remaining angle DAC == dac, and if 
from the equal angles D and d, EDA = eda be taken, we 
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h■^^G Al3C =n(Jc flml in like inimici jf from C nnd c l>c 
taken BCA = bci, wo In^ b ACD ^ ncd , and so tlio respec- 
tive angles in every triangle will be equal to those m the 
other 

(ByTheo 21 ) ABC abc t* the square of AC to the square 
of ac, and also ADC adc . the squaic of AC to the squaro 
of ac , tbereforo from equality of proportions ABC abet! 
ADC adc, in like manner wc maj sliow that ADC adc 
EAD cad tbereforo it will be as one antecedent, is to ono 
consequent, so are all the antecedents, to all the consequents 
That IS ABC abc as the sum of tlie tbroo triangles in tlio 
first poljgon, is to the sura of those in the last Oi ABC 
w ill be to abc, as pol} gou to P0I3 gon 

The proportion of ABC to abc (by t!ic foregoing Thco ) is 
as tlio squaro of AB is to tlio sqnnro of ab, but tlio propor- 
tion of polygon to polygon is as ABC to abc as now slicwn 
therefore tlio proportion of polygon to poljgon is as tho 
square of AB, to the square of ab Q E D 

Tkeo xxiir 

Lei LHB he a quadrant of n arete described bt/ iheTadtus CD 

NB an arc. of it, and DJI its complement, IILor FC the 
FIl or CL its co sine, DK its tangent, Dl its co 

tangent , and CK xh secant , and Cl its co-secant 

1 The co-sme of an aic, is 
to the sine, as radius is to the 
tangent 

2 Badius IS to the tangent 
of an arc, as the co sine of it is 
to the sine 

3 TJie sine of an arc is to 
Its co-sine, as radius to its co 
tangent 

4 Oi radius is to the co- 
tangent of an aic, as its sine to its co sine 

5 The CO tangent of an arc is to radius, as laduis to the 
tangent 
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6. The co-sine of an arc is to radius, as radius is to the 
secant. 

7. The sine of an arc is to radius, as the tansfent is to 
the secant. 

The triangles CLH, and CBK being similar^ (by Theo. 15.) 

1. CL;LH;:CB:'BK. 

2. Or, CB:BK::CL:LH. 

The triangles CFH, and GDI, being similar. 

3. CF (or LH): FH :: CD : DI. 

4. CD : DI : : CF, (or LH) : FH. 

The triangles CDI and CKB are similar; for the angle 
CID = KCB, being alternate ones (by part 2. Theo, 3.) the 
lines GB and DI being parallel: The angle CDI == CBK 
being both right angles, and consequently the angle DCI == 
CKB, wherefore, 

5. DI: CD::CB: BK. 

And again, making use of the similar triangles CLH, 
and CBK. 

6. CL : CB : CH : CK. 

7. HL ; CH : BK : CK. 



CHAPTER III. 


PRACTICAL GEOMETRY. 


GEOJfETRICAL TKOBLEMS. 

Problem L 

To bisect a given right tine ADy that w, to cut it at right angles 
bg another right line q 

1, Prom the point A as a centre, ftnd 
with any radius greater than half the 
length of tho given line, describe the 
arcs a and b, above and below the said 
line. 2. With tho same radius and 
from B as a centre, describe the arcs c 
and d, intersecting the former. 3. Through tho points of inter- 
section, draw the line DE, which will divide the given lino into 
two equal parts in the point 0, as required. 

Note. — CL is a perpendicular raised in tho middlo of tho 
line AB, therefore tho four angles about the point 0 are right 
angles; also by tliis problem, a circle can bo divided into four 
equal parts called Quadrants. 
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I’non. IT. 

7o tJntir a b)i>' pnr/ilh'l In a f/!vcn Vnif AIL 

Cjtnr y. I! lint tin- jinjutllrf Ihir in to he at ft f/irni dUtanec- 
1 . 'Jake two prants /: aral d 

in the f^iven line; ainl from the (5 ^ • r H 

points e jukI ns cenIrcSj and •••' 

the given distance Cur a radius, 

describe tlio arcs r and f. 2 . c d 

Draw the line Till, touching A C ^ B 

both arcs without cutting them, and it will be pnraliei to AB 
as rcfiuired. 

Cfiac JT. JF/ien the parallel line h to pas.t through a given 

point C. 

1 . Take any j)oint D, in the 
line A13, and draw tlie lino DC. 

2 . JMakc the angle ECD equal 
to CDB, and tlic lino EF will bo 
parallel to AB, as required. 



IhtOD. III. 

To divide a given line AB into any number of equal parts. 

]. Draw the line AC, and 4 -C 

make an angle at B, equal to the ^ ^ " \ 

given angle at A. 2, With any ..-V" \ 

convenient distance, set off the 
number of 'parts required (sup- 
pose four) from A towards 0, 

and also the same parts from B towards D. 3. Draw the 
lines (A.4), (1.3), (2.2), (3.1), (4.B), which will divide the 
line AB, as required. 

Note. — This operation not only divides AB, but also AO, or 
BD, into four equal parts. 
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pRon. IV. 

To erect a perpendicular from a given point C in a giien 
right line Alh 

Case I, JFJien the given point is near the middle of (he line. 

1. Set off tno Cfiual distances from it 
on the line AB, as Crt anti 2. With 
any radius greater tlian cC, and from a 
as a centre, describe an arc. 3. With the 

same radius, and from t ns a centre, 

describe another arc, cutting the former A “ C ^ B 
in D. 4. Draw the lino CD, which will be the perpendicular 
to AB, as required. 

Case XL JFhen the given point C is at (he end of the line^ or 
near the end. ^ 

1. From any point D (not in tlio given 
line) as a centre, and with the radius DO, 
describe an arc, cutting AB in B and 0. D 

2. Draw the line EF through the point 
D, cutting the arc in F. 3. Tlirough ^ ^ 

the point ofinterscction F, draw tlic line 1^' *B 

CG-, which nill he the perpendicular required. 


Pror. V. 


To let fall a perpendicular from a given point C, on a given 
right line AD. ^ 

1. From C as a centre, describe an 
arc cutting the given lino in tivo places, 

D and E, 2. From D as a centre, and q 
a radius longer than DO, describe the 
arc a a: and with the same radius, and . . . 

from E as a centre, describe anotiier arc ^ 

cutting the first in F. 3. Draw the line CF, and CG is tlio 
perpendicular required. 
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JVJien the given point C is nearly opposite the end of the line. 


1. Take any two points D and'E, in 
the given line, and from D, with the ra- 
dius DO, describe an arc. 2. From E, 
with the radius EC, describe another 
arc } then through the points of inter- 
section 0 and F, draw a line and CG 
will be the perpendicular required. 



Peob. VI. 


To make an angle equal to a given angle ABC. 


1. Draw the line CD; and 
from D as a centre, with the 
radius DE, draw an arc EF. 

2. With the same radius, and 
from B, as a centre, describe the 
arc GH. 3. Set the distance GH 
off from E to F, and through 
F draw the line DI, which will 
be the angle required. 


A 




Pbob. VII. 

To bisect or divide a given angle BA C into two equal parts. 

1. From the centre A, describe the 
arc DE. 2. From the centre D, with 
any radius longer than half of DE, 
describe the arc a a; and from the 
centre E, with the same radius, describe 
another arc cutting the former in G. 

3. Draw the line AG, and the angle BAG will be divided 
into two equal parts or angles. 
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PiroD. VIII. 


To divide a right angle ABC into three equal parts. 


1. From B as a centre, describe an 
arc DE. ^ 2. "WitU the same radius, and 
E for a centre, cross iho ore in b ; and 
Tvitli tbo same radius, and D for a centre, 
cross the arc in a. 3. Draw the lines 
a B and h B, and tho angle nUl be 
divided into tluec equal parts. 



Pfton. DC 



To make an angle of ang grogosed number of degrees^ 

1. Take the first GO degrees 
from ascaloofciiordsasaradius 
and from A as a centre, describe 
an arc BC. 2. Take tho pro- 
posed number of degrees from 
the scale of chords, and set them 
off from B to C ; then draw the 
line AD, and tlic angle will bo 

made. If tho angle is to con- — g- 

tain more than 90 degrees, it must be taken at two operations. 

A scale of chords is mado by transfeiring the divisions on tho 
arc of a quadrant to its chord, Thu^ suppose ACB is a (qua- 
drant and the right lino BA the 
chord of its arc. Let this arc 
be divided into 00 equal parts or 
degrees: then if one foot of a 
pair of compasses be kept on the 
point B, and arcs aucccsrivdy 
described with the other from 

each of the 90 divisions on the » e 

arc to meet BA, those arcs will divi^ it into a line of chords. 
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X. 

I.rcntf r (./ ti ^/nr- r:nhri,u,{ hi an anair /Lid. 

!. l-!=!;a A f“r t\ r.-ntr-N ;uj< 1 vAth n rh'.ni of hi) fk-rrccs for 
a r.-.'iur, /o* ' ri'o- lu<- r.n- Hi!-. M. 'faf.- tha lif.tsnro UC, nirl 
npl'lv f' to rl{*’ of rliorf, v, hi(:h\%fif f-funv tla; tuitnler 
(.f , It tlj<- at!o!>* troitafn nior*: tlsati OO it 

tiiH't fo at t wo r.p.oratiujr . 

* S. 

C' 

c 

• . 


]’i:on. 


Xf. 


f’/nai a f/iri'n r'ajiit litn: Ali to vtuLf' an 

1. J'Vom tiie point A as a centre, 
and M'itli the radius AI3, descrife an 
arc; and ^vi(ll the same radius AB, and 
from B as a centre, cross the first arc 
in C. 2, Draw tlic lines CA and CB, 
wliicli will complete the triangle ABC. 


rij u i la t<: ral (rauif/lf. 



l^iion. XI r. 


7\) construct a triancjle the skh's of v'hich are as the lines AB, 
' CD, andEF. 


1. From the centre A, with the line 
CD as a radius, describe an arc; and 
from the centre B, and the line EF as 
a radius, intersect tlic first arc in G. 
2. Draw lines from A and B to G, and 
the triangle will be completed. C_ 



E- F 

— D 
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Pjtoii. XIU. 

To make a triangh BCE tqual to a giien quaclnlaicral figure 
ABCD. 

Draw the diagonal AO, and parallel 
to it DE, meeting AB produced in E; 
then draw CE, and ECU uill be the 
triangle required. 

For the triangles ADC, AEO being 
upon the same base AC,* and under the 
same parallel ED, (by Cor. to TIico 12.) will be equal, there- 
fore if ABO be added to each, then ABCD = BCE. 

Pfion. xrv. 

To malie a triangle BJIP equal to a given fic-tUled figure 
JBCBE 

Draw DA and DD, and also 
EH and CF parallel to them, 
meeting AC produced in XI and 
F; then draw DU, DIP, and the 
triangle HDF is the one re- 
quired. 

For the triangle DEA « 

DHA.and DDC= DFB (by 
Cor. to Thco. 12.) therefore by adding those equations DEA q- 
DBC = DHA + DFB, if to each of these ADB bo added; 
then DEA + ADC + DBG == ACCDE = (DHA + ABD 
+ DEB) = DHF. 




Pnon. XV. 

To describe an isosceles triangle on the base AD, the other 
sides of ichlch shall be equal to the line C. 


From the points *A and B as centres, 
and the line C for a radius, describe arcs 
intersecting in E; then draw the lines 
AE and BE, and the triangle will be 
completed. 




PuoiJ. XVJ. 

'J'o cnmintcf o sqnan; vpnn a r/ivni line /111 

1. From tile iioint B erect, flic per- -5-f 
pondiciilar I3C, cfjua! to AB; and from 
A and C, with the radius AB, des- 
cribe arcs intersecting in the point D. 

2. Draw AD and CD, and the square 
will be completed. Or, erect two per- 
pendiculars, from A and B, eipial to AB, draw DC, and the 
square will be completed. 



XVII. 


To construct a rcc.tmujulnr parallclof/rain, the length and hfcadth 
of which shall he equal to two given Ihics AB and CB. 

1. From the jioint B at the A— B 

end of the base AB, erect BC 
perpendicular, and ecpial to the 
breadth CB. With the centre 
■ A, and radius BC, describe an 
arc ; and with the centre C, and 
radius AB, describe another arc intersecting the former in D. 3. 
Draw the lines AD and CD, and the figure will be completed. 



PnoB. xvm. 

To make a rhombus equal to a given line IF. 

1. Draw the line AE to any 

length greater than the given ' 
line W, and from A set off the • 
length of the line W to D. 2. / 

From D as a centre, and AD as / 
a radius, describe the arc P. / 

3. From A as a centre, and the / 

same extent as a radius, describe 
the arc intersecting the former at B ; and with the same 
extent as a radius, and B as a centre, intersect the first arc in 
S. 4. Draw the lines AB, BS, and SD, and the rhombus will 
be completed. 
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' pRon. XIX. 

To construct a rhomboid^ the longest side of which shall he 
equal to the line A, and shortest side equal to the line Z. 

1. Draw the lino CD cqvnl to 
A j then taho the lengfh Z in. 
the compasses, tmtl (if there be 
no limitation to the angle), set it 
from the point 0 to the point 
E. 2. With the extent of tho 
line A as a radius, and the point E as a centre, describe tlio 
arc q; then take tlio line Z again as a radius, and tho point D 
as a centre and intersect the arc in I. .3. Draw the lines OE, 
El, and DI, and tho rhomboid CEID will be completed. 



PjtOB. XX. 


To drato a tangent to a given circle^ that shall Tpass throvgjx a 
• given point A in the circle. 


1. Draw the radius AO: and at the 
end of it A, erect a perpendicular AC. 
2. Produce the perpendicular to D, and 
CD will be the tangent required. 



When the given point A is iciihout the circle. 


1. Draw tho line AB from tlio gi\'en 
point to the centre of the circle B, and 
bisect AB in the point 0. 2. With 
the radius CB or CA, and from 0 as a 
centre, describe the semicircle ADB, cut- 
ting tho given circle in D; then draw AD, 
which Will he the tangent required. * 
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Pros. XXL 

Tojind the centre of a given circle. 


Draw the chord AB; bisect 
it at right angles with the line 
CD, Bisect CD, and it will give 
the centre O, as required. 



Pkob. xxri. 

To describe the circumference of a circle^ through three given 

pointS) A, B, and C 

1. Draw any two right lines, AB 
and BC, joining in the assumed point B. 

2. Bisect these two lines with two others 
drawn at right angles to them, and pro- 
duce them till they meet in the point D.' 

3. With the radius DB, DO, or DA, 
and from D as a centre, d'escribe a circle, which will pass 
through the points required. 



prob. xxiir. 

To find a third proportional to tioo given right lines, AB and F C. 

At either extremity of the 
given line AB, draw AE mak- 
ing any angle with it, take AG 
equal' to the other given line 
FO, and join BG. Produce AB 
and make BD equal toFG, and 
through D, draw DE parallel to 
BG, and EG will be the third 
proportional to AB and EG, as required; that is, AB ; EC 
EG : GE. 
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PjiOB. XXIV. 

Tojind a fourth proportional to thref ffiven tineSy F, F, and G» 
Draw two lines AD and Al, o — ?— 

making any angle; make AB 
and BD equal to tliegivcn lines 
and E, and AC equal to the line 
G ; join BO, and tlirough D, 
draw DI parallel to BC; and 
the line Cl will be the fourth proportional to F, E, and G; 
therefore F : E 1 1 G : GI. 



Pnon. XXV. 


Tojind a mean proportional between two piven right linesy E 
and K 


Draw any right lino, AC, and make 
AB equal to the lino E, and DC equal to 
the line F; bisect AO in D; then from 
the centre D with tlic radius DA des- 
cribe the semicircle AIC, and from B 
erect BI perpendicular to AO, meeting 



Z 


T 

1 

^-1 

1 

{ 

1 . \ 

A 1 

3D C 


the circumference in I: BI will bo the mean proportional 
between E and F. 



CHAPTER IV. 


LOGARITHMS. 


DEFINITION AND PROPERTIES Op LOGARITHMS. 

Logarithms are artificial numbers, so related to each other 
and to the natural numbers, that the sum of any two Logarithms 
is the Logarithm of the product of their two natural numbers ; 
and the difference of any two Logarithms is the Logarithm 
of the quotient of their two natural numbers. 

If to a series of numbers in Geometrical Prosression, whose 
common ratio is 10, and first term 1, Ave annex another 
series of numbers in Arithmetical Progrtjssioji, whose first term 
is 0, and common difference 1. These latter numbers will be 
the Logarithms of the former, thus: 


Numbers. 

Logarithms. 

1 ... ... 

... ...... 0.00000 

10 

1.00000 

100 

2.00000 

1000 

... ...... 3.00000 

10000 

... ...... 4.00000 etc. 


Since the Logarithm of 1 is 0 and the Logarithm of 10 is 1; 
the Logarithms of numbers between 1 and 10, will be greater 
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than 0, and less than 1, that is, t!\,cy may be expressed by 
decimal fractions having a significant figure in the first decimal 
place. As the Logarithm of )*) is 1, and the Logarithm of 
100 is 2, the Logarithms of numbers betiveen 10 and 100, will 
be greater than 1 and less 'than 2 ; or they will be mixed 
numbers, having 1 in the place of Intcgoi's, and the rest 
decimal fractions. In the same manner the Logaritliins of all 
numbers between 100 and 1000, Mill have 2 in the place of 
Integers, and so on. 

The integral part of a Logarithm is called its index, and this 
index is always a tmit less th.an the niimher of figwres in iho 
Integer number, whose Logarithm it is. Tims; the index of 
the LogaritJim of a number consisting of one figure, is 0, of two 
figures is 1, of three figures 2, &'c. 

Tiio index of a Logaritlim shows how many Integer figures 
the corresponding number consists of, being always one figure 
more than there are units in the index of the Logarithm. 

The index of tlie Logaritlim of a decimal fraction is negatls'c, 
* thus ! the index of ,G84 is — I, tho index of .0084 is — 2, 
and of .00684 is “ 3 and so on. 

To find the Lotjarithm of any mimVtr less than 1000, 

Rule. Seek in any Table of Liogarithms for tho given num- 
ber, in the left hand column, opposite to u’hich is tiio Loga- 
rithm sought nith its proper index : 

EXAaiPLES. 


The Log.arithm of 78 is 1.8920946 

» „ 364 „ 2.5GU0I4 

« » 087 „ 2.9943172 


To find the Logarithm of any number more than 1000. 

Rule. Tind tlie Logarithm of fhofirst three figures, take tho 
difference between this and the next Logarithm, which multi- 
ply by the remaining figures of the given number, add this 


profhict to tlif Loiinrithni r»n?t foinnl, nnrl f)ie {iuni prefixing 
the pntjicr itidex, will be the Logarithm rought: 

JCXAMrtil’.S:. 


He'pii’reil the J.ngarlthin of J7S6. 

'J'iie Logarithm of 17i' L .2504200 

'I’jic (iitrercnce between tliL atui tlie J^oir.'iritiim 

» ^ 

of 170 is 24 do, which multiplied by G, the 
remaim’jjg figure, gives 14598 


Logarithm of 178G = 3.2518798 
Tile index becomes .3, being 1 less than the number of 
figures in the Integer, 

Ke<inircd the Logarithm of S4C70. 

Tiic Logarithm of 84G is 9273704 

Tlie dillerenco between this and the Logarithm 
of B47 is 52, wJiicli lauliiplied by 70, the 
remaining figiu-cs, gives 3640 


. Logarithm of 84G70 = 4.9277344 


The index becomes 4, being 1 less thuu the number of 
figures in the Integer, 


To find the Logarithm of a Fraction, 

Rule. Reduce the Fi’action to a decimal, and find the 
Logarithm of tiiat decimal, prefixing the proper index. 

Examples. 

The Logarithm of 5 - or .80 is — 1.9030900 
„ „ f or .375 „ — 1.5740313 

„ „ or .025 „ — 2.3979400 

Qj, — Subtract the Logarithm of the denominator from tlie 
Logarithm of the numerator and the remainder will be the 
Locraritlim of the fraction sought. 

O 
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' Required tlic Logaritlim of /y. 

From Logarithm of3 /1213 

Subtract Logarithm of 16 1.201J200 

Logarithm of ^ or .1875 = 1.2730013 

TofinA the natural numlcr amtcaing to any given Logarithm. 

Rule. Seek in the tables for Iho given Logafithm, and if it 
ho exactly found, tho natural numhercorresponding to it uill 
stand in the left hand column. 


ExAjirtES. 

r 1.3017278 is ... 

.... 23 

The natural number corresponding ^ 

2.120573D 

... 132 

to the Logarithm of 

L2.5301BD7 „ ... 

...330 


If the Logarithm is not found exactly In the tables, take the 
difference of tho next greater and the next less Logarithms, 
and say: As this difference is to 1> so is tho difforonce 
between the given Logarithm and the next lesser Logarithm, 
to a fourth number, which being added to tho natural num- 
ber of the less Logarithm, will give tlie natural number 
required- 

ExAiirLE. 


To 6nd the natural number corresponding to tho Logaritlim 
of 2.8764321. 


TheLogarithraofthenextIessis 2.8762178) 

» » „ greater,, 2.8767950$"’“ 

Given Logarithm is 2.8764321) 

Next less Logarithm is ......... 2.8762178$ ’ 

Then as 5772 : 1 : : 2143 : .37 which added ’to 752, tho 
natural number corresponding witli tho next less Logautluu, 
gives 752.37 the natural number required. 


f difference is 5772 


ydifferencois 2143 
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T^OGARITinnc ARITHMETIC. 

MUJ.TIl’I.K ATIfJN ItY I.OCAUITHMS. 

llt/LE. Add thn Lngnviihin of tlio mnltiplior to tlic Lorr.a- 
riflim of tho inultipUcand^ and tho stun avIII bo tlic Logaritlnn 
of tlio product I'cquircd. 

Exa>H'Li:s. 

IMultiply 3S-i by 4G2 

The Logarithm of 38-1 is 

„ » d 62 „ ; 

4 - ' 

Product 177408 answering to, 


IMultiply 48.G4 by 394. G3 


■ The Logarithm of 48. G4 is 1.G8G993G 

„ ' „ 394.63 is 2.59G1901 

Product 19194.80 answering to, 4.2831837 


2.5843312 

2.GG4G420 


5.2489732 


IMullipl}' 4G.75 by .3275 


The Logarithm of 4G.75 is 1.6697816 

„ „ .3275 „ — 1.5152113 

Product 15.31 answering to, 1.1849929 


In this last Example the -|- 1 that, is to he carried from the 
decimals, cancels the — 1, and there remains + 1, in the upper 
line to he set down. 

Note. Whatever is carried from the decimal part of the Logarithm is to bo 
ndded to the affirmative indices, but subtracted from the negative. Likewise 
the indices "must be added together when they are all of the same kind, that 
is, when they are all affirmative or negative ; but when they are of diflerent 
kinds, the difference must be found, which will be of the same denomination 
with tho greater. 



Division by Logabithsis. 

Rule. From the Logarithm of the dividend, subtract the 
Logarithm of the divisor, and the remainder 17111 be the 


Logarithm of the quotient 

Examples. 

Divide 28G43 by 4800. 

The Logarithm of 28643 is 4.4570185 

„ „ 4890 3.6898414 

Quotient 5.8503 answering to 0.7071771 

Divide 28.643 48.96, 

The Logarithm of 28.643 is 1.4570185 

„ „ 48.90 „ 1.6898414 

Quotient .58503 answering to ............ — 1.7671771 


The Rule or TnnEU by LoGABiinxis. 

Rule. Add the Logarithms of the second and third terms 
together, and from the sum subtr.ict the Logaritlim of the 
first term, the remainder ill be the Logarithm of the fourth 
term. 

Example. 

If 89 maunds of Rice cost 254 Rupees, what will 568 
maunds cost? 

The Logarithm of 254 is 2.4048337 

„ „ 568 2.7543483 


5.1591820 

89 is 1.9493900 


Quotient 1 62 1 Rs. nearly, answering to 


3.2097920 
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Involution 9E Raising a Power by Logarithms. 

Rule. Multiply tlie Logarithm of the root^ by the index 
of the power, and the product ■will be the Logarithm of the 
required power. 


Examples. 

Required the square of 25. 

The Logarithm of 25 is 1.3979400 

Multiplied by the index, 2 

Square 625, answering to 2.7958800 

Required the 365th power of 1.0045. 

The Logarithm of 1.0045 is 0.0019499 

Multiplied by the index 365 

97495 

116994 

58497 

Power 5.148888, answering to. 0.7117135 


Evolution or Extracting Roots by Logarithms. 

Rule. Divide the Logarithm of the power by its index, and 
the quotient will be the Logarithm of the root required. 

Examples. 

Let it be required to extract the square root, the cube root, 
and the biquadrate root of 19. 

The Logarithm of 19 is 1.2787536. 

2 ^1.2787536 

0.6393768 = Logarithm ,, 4.359 for the square root. 
3J 1.2787536 

0.4262512 = „ « 2.668 for the cube root. 

4 ;i.2787536 


0.3196884 = 




« 2.088 for the biquadrate root. 
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Op Logarithmic Sines, Tangents, etc. 

If the radius be supposed any number of equal parts as 
10 or 100, etc. tlio sine, tangent, etc. of every arc, must 
consist of some number of those equal parts, and by computing 
them in parts of the radius, we obtain tables of sines, 
tangents, etc. to every arc of the quadrant called natural 
sines, tangents, etc. and the Logarithms of these, give the 
Logarithmic sines, tangents, etc. ivhich are usually found in 
all mathematical tables containing Logarithms. 

These Tables of Logarithmic sines* tangents, etc. are 
carried out to 90 degrees or a Quadrant, (for tho sine, tangent, 
etc. of any arc, has tho same value as the sine, tangent, etc. 
of the supplement of that arc; so that, 'vlien an arc is greater 
than 90 degrees, subtract it from 180 degrees, and take the 
sine, tangent, etc. of the remainder* fur that of tho arc 
given) the degrees from 0 to 45 being generally printed at tho 
top of each page in the table, and tho minutes descending from 
the top to the bottom of the page, in tlie teft hand column; and 
from 45 to 90’ tho degrees are found at tho bottom of the page 
and the minutes ascending in the right hand column. 

Examples. 


The Logarithmic Sine of 35® 31' is 9.7C41311 

„ Co-Tangent „ 54® 23' „ 9.8551372 

„ Secant,, 40® 53',, 10.1214530 


Should the arc consist of any p.irts of a minute, intermediate 
to those found in the table, take the difference hotweent the 
tabular sine, tangent, etc. of the given degrees and minutes 
and of the minute next greater, then B.ay : As 1 minute or 60 
seconds : the given intermediate part the whole difference; 
the proportional part required. 

Exasiple. 


Required the Logarithmic Tangent of 21® 38' 24^^ 

The Tangent of 21- 38' is ... 9.5983540^ 3 ^ 3 , 

„ „ „ 21- 39' „ ... 9.59872255 
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7'licnns CO" : 2r t: 3C85 ; M7.1 wlilch arWed to 

tliG JiOtiarlllnnlc {njigorit of 21°. 38', \h: 0..vD8.'J->IO gives 
0.5085014 ns tliu Log.'intlmiic fnngent of 21° 38' 24". 

To Jlnd the five rnmapoiidhuf to a f/ircJi LnpitrWnnic sine, 

tumjentf ftr. 

T.nku tlic (liflercnco l)Ct^vccn tlic next less and trreater 

V.. 

tfibular Logarithm, therj sa}': As tliis din’erence : Tor GO'^ 
the difieronce between the given Logarithm and tlic next less : 
tlic proportional part required. 

Examplk. 


Ucquired the arc corre.sponding to the Logaritiimic Sine 
0.7453802. 


Tlie next less Log.'irithm, 

viz: 3,3° 48' is ... 0.745305G 
The next greater Logarithm, • 




> Diflerenceis 1 8S7. 


viz: 33° 49' is 

The given Lognritlnn is 
The next less „ „ 


• •• 

• •• 


0.7454043 J 

0.7453892 •» 

r Difference IS 83 C. 
0.745305G j 


Then as 1887 : GO" : : 83G : 26" which added to 

33° 48' gives 33° 48' 2G" as the arc required. 



CHAPTER V. 


TRIGOKOMETRy. 


PLANE TBIGONOJILTRy, 

Thc word TTxgonometnj signifies the measuring of triangIcSi 
but under this name is generally comprehended tlio mt of 
determining the positions and dimensions of tho several 
unknown parts of extension, by means of some parts which arc 
already known. If we conceive the different points wliich 
may be represented in any space to be joined together by right 
lines, there are three things ofiered for oiu* consideration. 

1st The fenyt/i of these lines. 

2d. Tlie angles which they form with one another. 

3d. The angles formed by thc planes in which tliese linos 
are drawn, or are supposed to be traced. 

On the comparison of these three objects depends the solution 
of all questions that can be proposed concerning the measure of 
extension and its parts, and Uie act of determining all these 
things from the knowledge of some of them, is reduced to the 
solution of this general question, viz: knowing three of the six 
parts, the sides and angles, which constitute a rectilineal 
triangle, to find the other three. 
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Plane Trigonometry is the art of measuring and computing 
the sides and angles of plane triangles. 

There are three methods of resolving triangles viz: Geo- 
metrical Construction, Arithmetical Computation, and Instni- 
mental Operation ; of which the first two will here he 
treated. 

In the First Method. The triangle is constructed, by making 
the parts of the given magnitudes, viz: the sides from a 
scale of equal parts, and the angles from a scale of chords, 
or by some other instrument. Then measuring the unknown 
parts by the same scales or instruments, the solution will be 
obtained near the truth. 

• In the 'Second Method. Having stated the terms of the 
proportion according to the proper rule or theorem, resolve 
it like any other proportion, in which a fourth term is to be 
found from three given terms, by multiplying the second 
and third together, and dividing the product by the first, 
in working with the natural numbers; or, in working with the 
Logarithms, add the Logarithms of the second and third terms 
together, and from the sum take the Logarithm of the first 
term; then the natural number answering to the remainder 
is the fourth term sought. 

Every triangle has six parts; viz. three sides and three 
angles, and in every triangle proposed, there must be given 
three of these parts, to find the other three; also, of the 
three parts that are given, one of them at least must be a 
side ; because, with the same angles, the sides may be greater 
or less in any proportion. 

General Properties of Plane Triangles. 

1. If any three parts of a plane triangle be given (one part 
being a side) any required part may be found by construction 
and calculation. 

2. If two angles of a plane triangle are known, the third 
angle is found by subtracting their sum from 180°. 
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3. In a right-angled plane triangle, if either acute angle 
be taken from 90®, the remainder will express the other acute 
angle. 

4. The sum of the three angles is equal to two right 
angles. 

5. TJie greater side is opposite the greater angle, and the 
less side to the less angle. 

6. The sum of any two sides is greater than tho third and 
the difference of any two sides is less than tho third. 

7. The triangle, is cquilatcr.il, isoscclar, or scalene ac- 
cording as it has its tlirce angles all cqtial, or two of them 
equal, or all three unequal : and vice versa. 

8. The angles opposite the two least sides are acute. 

9. Tho obtuse angle, if there is one, for there cannot bo 
more, must be opposite the greatest side. 

10. Of the two segments intercepted between the perpen- 
dicular to the base, and tho two angles at tho base, tljo 
greatest segment lies next to tho greatest side, and tho least 
segment next to tho least side. 

11. The greatest angle at the base lies next tliQ least side, 
and least segment, and tho least angle at tho base lies next 
the greatest side and greatest segment. 

There are four cases in Plane Trigonometry which are com- 
prised in the following : 

Case 1st. Having the angles and one side, to find either of 
the other sides. 

Case 2nd. Having two sides, and an angle opposite to ono 
of them, to find the other two angles and the third side. 

Case 3rd. Having two sides, and tlie angle between them, 
to find the other two angles and the third side. 

Case 4th. Having the three sides, to find any angle. 

Before we proceed to the solution of these four Cases, it is 
necessary to premise the following Theorems. 
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Theo. I. 

In any plane triangle ABC, the sides are proportional to the 
sines of their opposite angles, that is, the Sine of C : AB : ; ; 
the Sine of A : BC, and the Sine of C : AB : : the Sine of 
B : ; AC ; also, the Sine of B \ AC \ the Sine of Ax BQ.x 

(By Theo. 10. Chap. II.) the half of 
each side is the sine of its opposite angle ; 
but the sines of those angles, in tabular 
parts, are proportional to the sines of the 
same in any other measure ; and there- 
fore the sines of the angles will be as the 
halves of their opposite sides : And smce the halves are 
as the wholes, it follows, that the sines of their angles are as 
their opposite sides, that is the Sine of C ; AB : I the Sine of 
A : BC, etc. Q. E. D. 


C 



Theo. II. 

In any plane triangle ABC, the sum of the t\oo given sides AB 
and BC, including a given angle ABC, is to their difference, 
as the tangent of half the sum of the hoo unhnown angles A 
and C is to the tangent of half their difference. 


Produce AB, make HB = 
BC, and join H C : Let fall ' 
the perpendicular BE, and that 
will bisect the angle HBC (by 
Theo. 9. Chap. II.), through B 
draw BD parallel to AC, make 
HE == DC, and join BE ; take 
BI = BA, and draw IGr parallel 



to BD, or AC. 


It is then plain, that AH wiU be the sum, and HI the dif- 
ference of the sides AB and BC ; and since HB = BC, and 
BE is perpendicular to HC, therefore HE = EC (by Theo. 8. 
Chap. II.) ; and since BA — BI, andBD and IGr are pai’allel 
to AC, therefore GD = DC = EH, and consequently HH = 
ED, and ^ HG = 4 ED or ED. 
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Again, EBC, bemglialf of HBC, «ill be also half the sum 
of the angles A and 0, (by Thco 4 Chap II) Also since HB 
HF, and the included angle H, are severally equal to BC, 
CD, and the included angle BCD, therefore (by Thoo 6, 
Clnp If) HBF = DBG = BCA (by Part 2 Tlieo 3 
Chap n ) and since HBD = A (by Part 3 'Xheo 3 Chap 
II ) and HBF = BCA , therefore PBD is the difference, and 
EBD, half the difference of the angles A and C then, making 
BE the radius, it is plain that EC will be the tangent of 
half the sura, and ED the tangent of half the difference of 
the tno unknown angles A and C no>\, IG being parallel 
to AC , AH IH CH GII (by Cor 1 Tlieo 19, Chap II ) 
Bnt the wholes are as their lialves, or AH IH^ CE ED, 
that IS, as the sum of the two sides AB and BC, is to 
their difference, so is the tangent of half the sum of the two 
unknown angles A and C, to the tangent of half their differ- 
ence Q E D 


TnEO III 

In any plant tnangU ABD , the base AD, xctll he to the sum of 
the other sides, AB, BD, as the difference of those sides, is to 
the difference of the segments of the base, made by the f erpen- 
dicular BE, viz the difference brtxceen AD and ED 

Produce BD, till BG = AB 
the lesser side , and on B as a 
centre with *he distance BG or 
BA describe a circle AGHF 
which will cut BD and AD in 
the points H and F ‘Dien it 
IS plain, that GD will be tlio 
sum, and HD the difference of 
the sides AB and BD , also since AE = EP, (by Tlieo S, 
Chap II ) therefore PD is the difference of AE and ED, the 
segments of the base But (by Tlieo 16 Chap IT) AD 
GD HD FD , that is, the base is to the sum of the other 
sides, as the difference of those sides, is to the difference of the 
segments of the base Q E D 
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Tinio. IV. 

If to half the sum cf two tpt anti fit's he added half their differ- 
ence ; the sum irill hr the f/iraO'st <f them : and if from half 
the Sinn hr suhtrartnl half tlu ir difference^ the remainder ivill 
he the least (f them. 

Let the two qnantilios b" rc- 
propcntcd by AI3 and 33C; 

(innUing one continneil line;) ^ ^ ^ 

wliercof AB is the greatest, and 

BC tlie least; bisect the whole line AC in E, and make AD 
— BC; tlien it is plain, that AC is the snin, and BD the 
difierenee of the two quantities; and AE or EC their half sum, 
and DE or I'jB their half difference. Now if to AE we add 
EB, we shall have AB the greatest quantity: and if from EC 
we take EB, we shall have BC the least quantity, Q. E. D. 

Cor. If from the greatest of two quantities we take half 
the difference of them, the remainder will be half their sum ; 
or if to half their difference be added the least quantity, their 
sum will be half the sum of the two quantities. 

Solutions of the Cases in Plane Teigono^ietey. 

Case Is^. Having the angles and one side, to find either of 

the other sides. 


Rule. As the sine of the angle opposite the given side, is 
to the given side, so is, the sine of the angle opposite the 
required side, to the required side. 

In the triangle ABC, there is given the angle A 46° 30', AB 
230, and the angle B o7° 30' to find AC and BC. 

Geometkically. 


Draw a blank line, upon 
wdiich set off AB 230 from a 
scale of equal parts, at the 
point A of the line AB, make 
an angle of 46° 30' by a blank 
line ; and at the point B of the 
line AB, make an angle of 37° 
30' by another blank line ; the 



250 
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intersection of these lines gives the point C, making the trian- 
gle ABC. Measure AC and BC from the Siime scale of equal 
parts that AB was taken, and we have the answer required. 
By CAr.cui.ATi05r. 

By (Cor. I. Then 5. Chap. Il.J 180°— tliesumof the angles 
A and B = C. 

Or 180°— {46° 30' + 37° 30’J -- 06" 00' = C 

Then : 


As the Sine of C 

... or 

96* 00' 




230 


the Sine of A ... 


46* 30' 

12.2222900 

: BC 

'.»• »» 

167.76 

answering to 2.2246757 


As the Sine of C . 

:AB 

: : the Sine of B 


Aoain. 

06° 00" 0.9976143 

230 2.361 727i 

37° 30' 0.7844471 


. 12.1461740 

: AJ^ ,> 140.78 answering to 2.1485606 

Case 2nd. Having tivo sides, and an angle opposite to one oj 
them, to Jind the other two angles and the third side. 
Rule. As the side opposite the given angle, is to the 
Sine of that angle, so is the side opposite the required angle to 
the Sine of that angle. 

dh the triangle ABC, there is given AB 240, the angle A 40° 
30' andjBC200 ; to Jind the angle C being acute, the angle B 
and the side AC. GroMETniCALET. ^ 

Draw a blank line, on whicli X 

set off AB 240 from a scale of \ 

equal parts ; at the point A of / \% 

the line AB, make an angle of / \ 

46®30'by a blank line; with * \ 

Be 200 from the same scale of i 

A B 

equal parts that AB was taken, 
and one leg of the compasses in 



B describe the Arc DC to cut the lash blank line in the points 
D and 0. Now if the angle C had been required obtuse, lines 
from D to B and to A, would constitute the triangle ; but as 
it is^'equired acute, draw the lines from C to B and to A, and 
the triangle ABC is constructed. From a line of chords let 

«r> 

the angles B and C bo measured, and AC from the same 
scale of equal parts that AB and BC were taken; and we 
have the answer required. 

Bt Catxulatiox. 


AsBC 


200 

, 2.3010300 

: the Sine of A 


46“’ 30' 

, 9.8605622 

; : AB 


240 

2.S802112 




12.2407734 

: the Sine of C 


60° 31' 

9.9397434 

Then 180 — the sum of the 

angles A and 0, gives 

the angle B 

Or 180'’- 

-(46° 30' + 60'’ 31') = 72° 59' = 

= B. 



Again. 


As the Sine of A 

.... or 

46'’ 30' 

9.8605622 

. BC 


200 

2.3010300 

: ; the Sine of B 


72° 59' 

9.9805577 

• 



12.2815877 

: AC 


263.65 

2.4210255 


Case 3i'd. JELaving two sides, and the angle between them, to 
Jind the other tioo angles and the third side. 

Rule. ’ As tlie sum of the two given sides, is to their differ- 
ence, so is, the Tangent of half the sum of the unknown angles, 
to the Tangent of half their difference. Half the difference thus 
found added to half their sum, gives the greater of the two 
angles, and deducted, leaves the lesser. The third side is 
found by Case 1^^. 
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In the triangle ABC^ there ts given AB 240, the angle A 36* 
40', and AC 180, to Jind the angles C and B, and the 
side BC 

GCOMPTRlCAIiLl . 

Draw a Wank line, on which fiom 
a scale of equal parts, lay off AB 240 
at the point A of the lino AB, make 
an angle of 36® 40' b} a blank line, \. 

on T^lucli from A, lay off AC 180 rio 

from the same scale of equal parts, 

measure the angles C and B, and the side BO, as before, and 
we have the answer required 

By Calcdlatiom. 

The smn of the two given |idcs or « 240 + 380 =;420 

Tlie difference „ „ „ 240 — 180 = 60 

180® — 36® 40' or angle A s= 143® 20' or sum of unknown 
angles B and C, the half sum of which is 71® 40' 

Then 

As AB + AC or 420 2 G232493 


AB — AC „ 60 1 7781513 

:: Tangent of 71® 40' I0479G948 


Tangent of 23® 20' answering to 9 6345968 

Then 71® 40' + 23® 20' = 95® 00' = C 
And 71® 40' —23® 20'= 48® 20 = B 
The third side BC is found by Case thus ; 

As Sine of B . AC ; : Sine of A . BC 
If the angle included be a right angle, add the Radius to the 
Logarithm of the less side, and from the sum subtract the Loga- 
ntlim of the greater side; the remainder or sum, will be the 
Tangent of the angle opposite to the less side. 
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In the right-angled triangle ABC there is given 
AB 240, BC 180, and the angle B 90° to 
find the angles A and C and the side A C. 



Then, 

To the Logarithm of less side or 180 2.2552725 

Add Radius 10.0000000 


12.2552725 

And deduct the Logarithm of greater side or 240... 2.3802 1 12 

Tangent of A = 36° 52' answering to ... 9.8750613 

Then 180° — (90° 00' -f 36^52') = 53° 08' = C 

And, As Sine of C : AB : : Sine of B ; AO.' 

Case Ath. Having the three sides, to find any angle. 

Rule. As the longest side or base, is to the sum of the 
other two sides, so is the difference of those sides, to the differ- 
ence of the segments of the base, formed by a perpendicular let 
fall from its opposite angle. Half the difference of the segments 
thus found, added to half the base gives the greater segment, 
and subtracted leaves the lesser — whence we have two right- 
angled triangles with two sides given, to find the other two* 
angles and the third side, by Cases Is^ and 2nd, 

In the triangle ABC, there is given AB 64, AC A7, BC 34: 
to find the angles A, B, and C. 

Geometrically. 

Draw a blank line, on which 
from a scale of ec[ual parts lay 
off AB 64, from A with the 
line AC 47, describe an arc, 
and fi-'om B with the line BO A 
34 describe another arc, to the 
intersection point at C, draw AG and BC and ABC is the 
triangle required. 



J80 
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By Caicox^ation. 

From the point C, let f.iU the perpcndicnlar CD, on tlio 
base AB; it ^^ill divide the triangle into t^vo right-angled 
ones ADO and CBD, as well as the base AB into tho two 
segments AD and DB, 

The longest side or base AB = 64. 

The sura of the other two sides or AC + BO = 47 +34 =81 
The difference „ „ » AC — BC 47 — 34 = 13 

Then: 

As AB or 64 1.80G1800 

T5o84850 
1.1139434 

3.0224284 

! AD — DB„ 16,46 answcringio 1.2162484 

The half difference or 8.23 added to tlic half base or 32 = 
40.23 or greater segment, and deducted =s 23.77 or lesser 
segment. 

Having now two right-angled triangles ADC and CBD 
with two sides given in each, tlic remaining angles and side 
are easily found by Cases and 2nd, 

HEIGHTS AND DISTANCES. 

Having given the solutions of tlio four cases in Plano Trigono- 
metry, we will proceed to apply the same, by a few examples, 
in determining the heights and distances of inaccessible objects. 

Example 1. 

What is the height of a Musjid, tho distance of wliicli was 
384.40 yards from where I stood, and tho angle of elevation 
to the top- 3° 42'? 

We have here given the angle 
A = 90° 

The angle B = 3° 42', and the 
side BA = 384.40 yards. 

The angle C = (90'’ — 11) 

= 86® 18'. 



: AO + BC „ 81 
;:AC — BO „ 13 


A 



9.999093 


J3y Case 1st. 

As Sine of C or 8G° 18' 

: BA or .384.40 2.584783 

: : Sine of B 8.809777 

11.394560 

: AC or 24,90 yarclsj tlic height required 1.395467 


Example 2. 

Being desirous of knowing the Jieiglit of a Steeple CD, 
whicli could not be approached jiearcr tlian B; the angle of 
altitude DBG was found to be 55® ; having measured a line 
from B to A of 87 feet, the angle of altitude CAB W'as found 
to be 37®; Required i 

From DBG = 55® 00' 

Take CAB = 37° 00' 


Angle AOB = 18° 00' 


By Case 1st. 

As Sine angle ACB or 18® 00' 9.4899824 • 

: ABor 87 1.9395198 

ll Sine angle CAB ,, 37° 00' - 9.7794630 

11.7189828 


: BC or 169. 43 answering to 2.2290004 



Again. 


As Radius 90° or Sine of angle BDC 10.0000000 

: BO or 169.43 2.2290004 

:: Sine angle OBD or 55® 00' 9.9133645 


12.1423649 


: DC or 138.80 feet, the height required 


2.1423649 



Example 3. 

The breadth of the River Ganges at Benares being re- 
quired, a base line AB was measured on one side of 43 Ohs. 
62 Lks. and the angles subtended by a tree on the opposite 
edge at each end of the ‘base were, qt A 82® 48' and at 
B33°4G', What is the breadth? ^ 

We liave here given the angle 
A = 82° 48', the angle B = 

33° 46', consequently the angle 
C = 180° —(82° 48' 4- 33° 

46') = 63° 26' and the side AB 
43.62. 

Br Case Ist, 


As sine of Cor 63° 26' 9.951538 

: AB or 43.62 R639685 

:: Sine of B or 33° 40' 9.744928 


11 384613 

: AC or 27 Chs. 11 Lks, the breadth required 1.433075 

Example 4. 

Required the distance of the 
Foit Flagstaff at Allahabad, 
from two given points A and B 
on each side of the Ganges. To 
obtain which I measured a base 
BO =: 54.32 Chs. the angles 
subtended with the point A at 
each end of the base were ABO 
120° 44' and BOA 24° 16', also 
the angles subtended with tho 
Fort Flagstaff at each end of 
the base were CBD 15° 42' and 
BCD 117° 31'. What are the 
respective distances? 
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In the Triangle BCD, the angle CDB = 180° — (BCD + 
CBD) =. 46° 47'. 

« 5 ) CBA, the angle CAB = 180° — (ABO + 

BCA) == 35° 00'. 

5, » ABD the angle'DBA == ABC — DBG 

105° 02'. 

Then, 

By Case 1st. 

As Sine of. CDB or 46° 47' 9.862590 

: BC or 54.32 1^4959 

:: Sine of BCD or 117° 31' 9.947863 

11.682822 

: BD or 66.11 Chs. the distance required ......... 1.820232 

Again, 

By Case 1st. 

As Sine of CAB or 35° 00' 9.758591 

: BC or 54.32 1,734959 

:: Sine of BCA or 24° 16' 9.613825 

11.348784 

; BA or 38.92 Ohs. the distance required 1.590193 


By Case 3kd. 

BD + AB = 105.03 and BD — AB = 27.19. 

Also 180° — ADB or 105° 02' = 74° 58' or sum of un- 
known angles, the half sum of which is 37° 29'. 

Then, 

As BD + AB or 105.03 2.021313 

: BD — AB „ 27.19 1,434409 

: : Tangent of 37° 39' 9.8847 1 8 

11.319127 

: Tangent of 11° 13' 9.297814 

37° 29 + 11° 13' == 48° 42' or angle DAB 
37° 29 — 11° J3' = 26° 16' or „ ADB 



As Sine of BDA or 26” 16' 9.645961 

:AB or 38.92 1.590193 

:: Sine of ABD or 105® 02' 9.984876 

11.575069 

; AD or 84.94 Chs. the distance required 1,929108 

Example 5. 


The angle subtended from a point C between two objects at 
A and B, exactly 23 Chs. 42 Lks. apart, being 31® 47', what 
are the angles at A and B, the distance from C to B being 
35 Chs. 64 Lks.? 

Br Case 2nd. 


As AB or 23.42 1.369586 

: the Sine of C or 31® 47' ,7^721570 

OB or 35.64 1.551937 

"Tl273507 

j tbe Sine of A or 53® 17' 9.903921 


Then 180® — ( 31® 47'.+ 53® 17') «= 94® 56' or angle B. 

Example 6. 

Requiied the angle contained between the twococoanut trees 
on the Taj at Agra, the distance between them being supposed 
53 feet, and the distance of each tree from where I stood at C 
was A 1388 feet and B 1353 feet? 

In this Example we have, 

AO = 1388 feet 
BC = 1353 „ 

AB = 53 „ 

Let fall the perpendicular 
BD on the base or longest 
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By Case Sed. 

Then, 

As AC or 1388 feet 3.142389 


: AB + BC „ 1406 „ 3.147985 

::AB— BC „ 1300 „ 3.113943 


6.261928 


: DC — AD 


Thenl^ + 


And 


2 

1388 


Again 


99 


1317 


99 


1317 

2 

1317 

2 


= CD or 1352.50 feet 
= AD „ 35.50 „ 


By Case 2nd. 


As BC or 1353 feet 

: Kadius or Sine of BDC == 90® 
:: DC or 1352.50 feet 


3.119539 


3.131297 


10.000000 

3.131137 


13.131137 


: DBC or 88® 27' 9.999840 


180° — (90° 88° 27) = 1 °33' or DOB the angle between 

the two cocoanut trees. 

If it is required to find the angles A and B of the triangle 
ABC, the angle ABD can be found in the same manner as 
DBC when ABD + DBC = ABO, and 180° — (ABO + 
ACB) = BAO. 



CHAPTER VI. 


MENSURATION OF PLANES. 


DEFINITIONS. 

Area, nieans the superficial content of any piano Geometrical 
figure, estimated by the squares of some known lineal measure 
as inches, links, chains, etc., which in surveying arc converted 
into square perches, roods, and acres. 

The ‘English statute acre contains 4840 square yards, sub- 
divided into roods and perches of which 40 perches make one 
rood and 4 roods make one acre. The perch is 16^ feet, 
giving 272 J square feet, or 30J square yards, which multiplied 
by 40, gives 1210 square yards in one rood, and again multiplied 
by 4 gives 4840 square yards in the acre. 

The best method of taking the length and breadth of 
figures for ascertaining areas, is in chains and links, and 
Gunter’s Chain in general use with Surveyors is the best 
adapted for this purpose. It is divided into 100 links, each 
link being 7.92 inches, giving exactly 22 yards or 66 feet in 
length, and equal to 4 perches, so that one square chain is 
equal to 16 square perches or the tenth part of an acre, conse- 
quently 10 square chains, are equal to one acre, and as the 
chain is divided into 100 links, every superficial chain con- 
tains 10,000 square links and every superficial aero 100,000 
square links. 
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If therefore the content of a field is made up in square links^ 
dividing tlienumher by 100,000, or which is the same thing, if 
from the content we cut off the last five figures, the remaining 
figure towards the left hand, gives the content in acres and con- 
sequently the number of acres at first sight, the remainder being 
decimal parts of an acre, which latter being multiplied by 4 
and 40, gives the roods and perches. 

The area of any plane figure, is the measure of the space 
contained within its extremes or bounds. 


Tins area, or the content of the plane figure, is estimated by 
the number of little squares that may be contained in it ; the 
side of those little measuring squares being an inch, or a foot, 
or a yard, or any other fixed quantity. And hence the area 
or content is said to be so many square inches, or square feet, 
or square yards, &c. 

Thus, if the figure to be measured be the rectangle ABOD, 


and the little square E, whose side is 
one inch, be the measuring unit pro- 
posed: then as, often as the said little 
square is contained in the rectangle, so 
many square inches the rectangle is 
said to contain — which in the present 



case IS 


Table of Square Measure. 


144 Square Inches make 1 Square Foot Ft. 

9 Square Eeet 1 Square Yard Yd. 

SOI- Square Yards 1 Square Perch ... Per. 

40 Square Perches ... 1 Rood,. Rd. 

4 Roods 1 Acre Aci\ 

Sq. In. Sq. Ft. 

144: \ == Sq. Yd. 

1296 = 9 = 1 Sq. Pole. 

39204 = 272i == 30^= 1 Rd. 

1568160 = 10890 = 1210 = 40 = 1 Acre. 

6272640 = 43560 == 4840 = 160 = 4 = 1 
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To determine the area of a Hectanguhr Parallelogram 

Rule — Multiply the length hy the breadth and the product 
w ill be the area. 

Etabitles. 

Suppose the side of a square to be 10 Chs. 48 Lks. what is 
the area ? Answer, 10 Act. 3 Rd. 37 Per. 

10.48 X 10.48 = 10.98304, dividing by 100000, 
or cutting oft 5 figures from the right hand gives, Acr. 10 98304 

4 

Rds. 3.93216 
40 

Per. 3/ 28640 


The length of an oblong being 34 Chs. 66 Lks and tbo 
breadth 22 Chs. 64 Lks. whit is the area ? 

34 56 X 22.64 = 78 24384 or 78 Acr. 0 Rd. 38 Per. 

To determine the area of a tnangle* 

Role — Multiply the base or length by half the perpendi- 
cular, let fall thereon fiom the opposite angle, and the product 
Will be the area. 

ExAiieles. 

TVhat is the area of a triangle whose base is 23 22 Chs. 
and altitude or perpendicular height 10 44 Chs ? 

— — = 12 12 Acr. or 12 Acr. 0 Rd 19 Per. 

Required the area of a right-angled triangle whose base is 
3 54 Chs and perpendicular 2 44 Chs. ? 

- = 0 43 Acr. or 0 Acr. 1 Rd. 29 Per. 

The same result would be obtained if the perpendicular were 
to be multiplied by half the base, orif the base and perpendicular 
were to be multiplied together and half the ^ 
the area. 
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To find the area of a Trapezoid* 

Rule. — Add the breadth at each end together, and multiply 
the base by half their sum and the product will be the area. 

Exabiple. 

The base of a field is 5.54 Ghs. the breadth at one end is 
2.32 Ohs. and at the other end 1.83 Chs. required the area? 

2 32 -4- 1 83 

^ 2 — ^ — X or 1 Acr. 0 Rd. 24 Per. 


To find the area of a Trapezium: 

Rule. — ^Take the diagonal length from one extreme corner 
to the other as a base, and multiply it by half the sum of the 
perpendiculars falling thereon from the other two corners, the 
product will be the area. 

Exabiple. 

A field whose diagonal length was 10.43 Chs. and lengths 
of perpendiculars 3.44 Ohs. and 4.53 Chs. required the area? 

— X 10.43 = 4.15 Acr. or 4 Acr. 0 Rd. 24 Per. 


To find the area of a Rhomhus or Rhomhoid. 

Rule. Multiply the base by the perpendicular height, and 
the product will be the ar6a. 

Example. 

Required the area of a Rhomboid, whose base is 2.13 Chs. 
and perpendicular height 2;04 Ohs. ? < 

2.13 X 2.04 = 0.43452 or 0 Acr. 1 Rd. 29 Per. 

The area of all other figures whether regular or irregular, 
of how many sides soever they may consist, is determined 
by dividing the figure into triangles or trapezia, and measur- 
ing them separately, the sum of which will be the area of the 
figure thus : 

* A four-sided figure having tu'o opposite sides parallel, is called a Trapezoid. 
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To Jind the Area of an Irregular Polygon. 

Draw diagonals dividing the proposed polygon into tra- 
pezia and triangles, then find the area of all these separately, 
and add them together for tlio content of the whole polygon. 
Example. 

What is the content of the uregolar figure ABODEFGA, in 
which are given the following diagonals and perpendiculars ; 
AC 55 Chs. viz: 
rD52 „ 

GO 44 „ 

Gm 13 „ 

Bn 18 „ 

Go 12 „ 

E/j S „ 

D? 23 „ F 

Then, 


AO 

X 

Bn 

or 

65 

X 

18 


99.00 

AO 

X 

Gm 

or 

65 

X 

13 


7100 

GO 

X 

Dq 

or 

44 

X 

23 

= 

101.20 

FD 

X 

Go 

or 

62 

X 

12 


62.40 

FO 

X 

Ep 

or 

62 

X 

8 


41.00* 


374.G0 

4 


2 40 
40 

Acr. Rds. Per. 

Answer 374 „ 2 „ 16 ' 16.00 

The area of any figure may also be determined by a compu- 
tation made from the bearings and distances of the boundary 
lines, which method will form a separate part of tins work. 





GIIAPTER YTI. 


USEFUL I'KOnLEMS IN* SUIJVEVING. 


P]:ni}Li:M I. 

To ilrnw vjxni the e/roi/ntl a strnitjht line throiKjk two 

(jiven points. 

Plant a picket, or staff*, at each of tlic given points, then 
fix another bohvecn them, in such a manner that when the 
C 3 *e is placed at the edge of one staff’, the edges of the other 
two may coincide with it. Tlic line may then be prolonged 
by fixing up other staves. Tlie accimacy of this operation 
depends greatly on fixing the staves upright, and, not letting 
the eye bo too near the staff from whence the observation 
is made. 

Pnon. II. 


To ivalk in a straight line, from a proposed point to a 

given object. 

Fix upon some point, as a bush, or a stone, or any mark 
that you find to be in a line with your given object, and walk 
forward, keeping the two objects strictly in line; selecting a 
fresh mark when you come within 20 or 30 paces of the one 
upon which you have been moving. Observe — that to walk 
in a direct line, it is always necessary to have two objects con- 
stantly in view. ^ S 


67 


prob. m. 

To trace a line in the direction of two distant points. 

Let two persons separate to about 50 or 60 paces ; then, by 
alternately motioning each other to move right or left, tliey 
soon get exactly into line •with the distant objects ; or, for 
greater accuracy, they may hold up staves. 

In sketching ground, it is constantly necessary to get in line 
• between two objects : if these arc not very distant, a wcll-diilled 
soldier can always do so within a few paces (near enough for 
sketching purposes) by fronting one object exactly, and then 
facing to the right about ; when, if lie finds himself accui’atcly 
fronting the other object, ho will be tolerably well in lino 
with them. 

A right angle may also be formed very nearly by fronting 
an object, and then facing to the right or left 


Peon. IV. 

To survey a triangular f eld ABCy hy the chain. 

Having set up marks at the corners, 
which is to be done in all cases where 
there are not sufficient marks existing, 
measure with the chain from A to P, 

where a perpendicular would fall from^/ ^ ^ 

' the angle C, and set up a mark at P,A P 6 

noting down the distance AP. Then complete the distance 
AB, by measuring from P to B. Having set down this mea- 
sure, return to P, and measure the perpendicular PC. And 
thus, having the base and perpendicular, the area is easily 
found by multiplying the length AB by PC, and taking half 
the product. Or, the figure may be constructed by measuring 
an angle as CAB, and the two sides AG and AB. Or, 
measure one side AB, and the angles at A and B, By either 
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of these ways, the figure is easily planned ; then by measuring 
the perpendicular CP on the plan, and multiplying it by half 
AB, the content is found. 


Prob. V. 

To measure a four-sided field A BCD. 

Divide it into two triangles 

' O 

by a diagonal AC, and find the 
content of each, as in the last 
problem. 

To take the plan of such a 
field, measure the four sides, 
and one of the angles, as ABC^ 
when the figure is easily constructed. Or, measure the 
diagonal AC, and the four angles BAC, CAD, BCA, and AOD. 



Prob. VI. 


To measure any field by the chain only. 

Divide it into triangles and trapeziums, by running lines 
across from corner to corner : then calculate the content of each 
triangle and trapezium separately. 

To make the plan of any 
field, measure a base line AB 
across it, and having placed 
marks — such as a stick, with a 
bit of white paper on it — at each 
corner, as also similar marks to 
show the base line ,' put a mark at eveiy point on the 
line, at which a perpendicular from a corner of the field will 
fall ; which point may be judged with sufiicient accuracy by 
the eye alone, when the chain is extended along the base line j 
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then measure these perpendiculai^ as off-sets. A diagram 
of the fieldj drawn by the eye, js better to note tlio measure- 
ments upon than a field-book. 


Prob. VIL 

To talie the plan of any field tcith an instrument. 

Plant the instrument at any 
point G, near the middle of the 
field, and having placed marks 
at every angle of it; measure 
the distances from the instru- 
ment to each corner; as also 
tho angles ACB, BCD, DCE, &.C.: uhen a plan can bo 
easily formed of it Or, the instrument raaj lo placed at ono 
of the coiners, from whence tho others .are visible, as D ; then 
measure the angles BDA, ADF, and FDE (formed by the 
dotted lines) ; then measure DE, DF, DA, and DB Note tho 
measures of tho angles and lines on a lough figure drawn to 
resemble the true one. 



Prob. VIIL 

To measure a field xotth irregular boundaries. 

Fix upon* three or more stations, as A, B, C, D, and 
measure the angles 
ABC, BOD, ADC, 
and BAD ; then mea- 
sure the sides BO, / 

CD, AD. andAB: 

and while doing tliis, \ / 

take off-sets to a, h, • D / 

c, d, e, &c. ~ 1 

The imaginary figure A, B, O, D, may be formed outside 
the field or piece of ground, if more convenient. 
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Peob. IX. 

To obtain the plan of a river. 

Place marks at its principal bends A, B, C, 
and with a theodolite or surveying compass take 
the bearings of the station lines AB, BO, CD, 

&c. ; and when measuring these lines, take off- 
sets to all the smaller bends, as shewn in the 
diagram. 

The plan may either be protracted in the field, N 
or the bearings and measurements entered in a i f// - 

field-book. 

Peob. X. 

To tahe the plan of a wood-, a lake, or- marsh, ^c. 

Place marks A, B, C, '&c. so as C 

to form tlie most convenient station 
lines AB, BO, &c., all round-the wood 
or marsh ; then with a surveying com- / j|(| 
pass take the bearings of AB, BO, Lw (jM 

CD, &c., going all round, measuring i - "My 
and taking off-sets as you proceed? 

If the survey be of a marsh or lake, 

check bearings should be taken across ' 

it, as from A and E to D, &c., which X/f 

will insure greater accuracy, and cause the work to close (as 

it is termed) with proper exactness. 

Peob. XI. 

To change a triangle into another of equal extent, hut different 

height. 

Let ABO be the given triangle, D a point at the given height. 

, Case 1. '^^Hiere the /.A aD 

point D, is either m one 0/ k/ V\ 

of the sides, or in the / Xa\ 

prolongation of a side, / \r\\ / \\\ ''■ 

1. Draw a line from D \\ \ '\\ 

to the opposite angle 0. B C ^ B £ ^ 


m 


A \ 



71 


2. Draw a line AE parallel thereto ftom A, the summit of 
the given triangle. S. Join DE, and BDE is the req^uiretl 
triangle. 

Case 2. When the point D, 
is neither in one of the sides, nor 
in the prolongation thereoE 1. 

Draw an indefinite line BDa, from 
B through the point D. 2. Draw 
from A, the summit of the given 
triangle, a line A<?, parallel to the 
base BC, and cutting the line BD ^ V 
in a. 3. Join aO, and the triangle \ 

BaC is equal to the triangle BAG; \ / 

and the point D being in tlie \/ 

same line with Bo. 4. By the B EC 

preceding case, find a triangle from D, equal to B«Cj join 
DC, draw aE parallel thereto, then join DE and BDE is the 
required triangle. 

Corollary. If it be required to change the triangle BAG 
into an equal triangle, of which the height and angle BDE aio 
given: 1. Draw the indefinite lino BDA, making the re- 
quired, angle with BC. 2. Take on BD« a point D at tho 
given height : and, 3. Construct the triangle by the foregoing 
rules. 



PROB. XII. 

To reduce a reclihneav Jigure ABCDE, to mother equal 
to it, but toiih one side less. 

1. Join the extremities E, 0, 
of two sides DE, DO, of tho 
same angle D. 2. From D 
draw a line DF parallel to EO. 

3. Draw EF, and a new poly- 
gon ABFE is obtained equal 
to ABODE, but witli one side less. 




Cnrollary. Hence every rcclilinoar fitiuvc rnny be re- 
duced to u triangle, by i-cducing it successively to a figure 
^Yi^ll one side les'^, tinlil it is brought to one vitli only three 
side.". 


For (-xainplc; Let it })0 required to reduce the polygon 
AIlCDKl'j into a triangle I AH, 'with its .summit .at A, in the 
circumference of the polygon, luul its base on the base thereof 
prolotjgcd. 


L Drnu' llie dine^onnl 
DK 2. Dnnv KG paral- 
lel to DF. 3. Draw FG, 
wliicb gives u.s .a now 
polygon, ABCGF, with 
one side less. d. To redneo 
ABCGF, draw AG, and 
parallel thereto FIT; then 
join Air, .and .a polj^gon ABCII, is obtained cqu.al to the pre- 
cecilwg one ABCGF. 5. The polygon ABOH haring a 
side AH, wliicli may serve for .a side of the triangle, we luave 
only to reduce the part ABC, by dr.awing AC, and parallel 
thereto BI; join AI, and we obtain the required triangle 
lAH. 



Cor. As a triangle ma}’’ be changed into another of 
any given height, and with the angle at the base equal to a 
given angle; if it be required to reduce a polygon to a triangle 
of a given heiglit, and the angle at the base also given, you 
must first reduce it into a triangle by this problem, and then 
change that triangle into one, with the data, as given in the 
problem last. 

Cor. If the given figure is a 
parallelogram, draw the diago- 
nal EC, and DF parallel there- 
to ; join EF, and the triangle 
EBF is equal to the parallelo- 
gram EBGD. 
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PiioB. xm. 

' To find the length of the line AB accessible only at 
both ends. . 

Having fixed on some con- 
venient point O, measure BO 
and AO ; and prolong those 
lines till 00 = OB, and OD 
= 0A; then the distance be- 
tween the points D and 0 wU 
be equal to AB, for the sides of the triangles COD, BOA 
about the equal angles at 0 are respectively equal, therefore 
the third sides CD, BA will also be equal. 



PROB. XIV. 

To find the distance of an inaccessible object O by means 
of a rhombus. 


With a line or measuring tape whoso lengtli is equal to the 
'side of the intended rhombus, lay doum one side BA in the 
direction BO, and lot BO another side a 
be in any convenient direction: fasten 
two ends of two of those lines at 0 and 
A; then the other ends (at D) being 
kept together, and the lines stretched 
on the ground, those lines AD, CD, 
will form the other two sides of the 
rhombus. Set up a mark at R, where 
00, AD, intersect; and measure RD; 

. then the sides of the triangles RDO, 

CBO, being respectively parallel, the 
triangles will be similar: hence, RD: DO: : CB: BO. 

Suppose the side of the rhombus is 100 feet, and RD = 
liy?. 7 in, — then, HtV • 100 :: 100 : 8G3 feet nearly = BO. 

If the ground be nearly level, a rhombus, whose side is 100 
feet, will determine distances to the extent of 300 yards within 
a very few feet of the truth. ^ 

L ^ 
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PiiOB. XV. 


To find the length of the line AD^ inaccessible at the point JD, 
The measurement of .Mjj jj) 

the line AD supposed wf f 

to he run for the deter- A F* F B ) lji) | )| C C' D 

minationofahoundaiy, 
is stopped at B by a ' 

river or other obstacia 
The point P is taken 

up in the line at about £ 

the estimated breadth of the, obstacle from B ; and a mark set 
up at E at right angles to AD from the point B, and about thb 
same distance as BE. The theodolite being adjusted at E, the 
angle BEG is made equal to BEE, and a mark put up at C in 
the line AD ; BO is then evidently equal to the measured 
distance EB. 


If the required termination of the line should be at any point 
Of its distance from B can be determined by merely reversing 
the order of the operation, and making the angle BEE' equal 
to BEG', the distant BE' being subsequently measm’ed. There 
is no occasion in either case to read the angles. The instru- 
ment being levelled and clamped at zero, or any other marked 
division of the limb, is set on B ; the upper plate is then un- 
damped, and the telescope pointed at E, when being again 
clamped, it is a second time made to bisect B ; releasing the 
plate, the telescope is moved towards D till the vernier indicates 
zero, or whatever number of degrees it was first adjusted to, 
and the mark at G has then only to be placed in the line AD, 
and , bisected by the intersection of the cross wires of the 
telescope. 

If it is impossible to 
measure a right angle at 
B, from some local ob- 
struction, lay off any con- 
venient angle ABE and 
set up the theodolite at E. 




Make the angle BEO equal to one-Jialf q/’ABE, and a mark 
being set up at C in the prolongation of AB, BC is evidently 
equal to BE, which must bo measured, and which may at the 
same time be made subservient to the purpose of delineating 
the boundary of the river. 

Prod. X\T. 

To find the distance to any inaccessible point, on the other side 
of a river, xoithout the use of any instrument to measure anyles. 

Prolong AB to any point 
D ; making BO equal to 
CD; lay off the same dis- 
tances in any direction Dc = 
ch : — m^ark the intersection 
E of the line joining Be and 
chx mark also F the inter- 
section of DE pro'duced, and 
of Ab — produce D3, and 
BF, till they meet in a, and 
ab = AB"^ 
ac = AC > 
ad =:Ad3 

PiioB. XVIL 

To find the point of intersection of two lines meeting in a lake or 
river, and the distance DB to the point of meeting. 

From any point F on 
the line AX draw FD, 
and from any other 
point E draw ED, pro- 
duce both these lines 

O- 

equal to the lines them- 
selves, or any aliquot part of their length, suppose one-half; 
join HG, and produce it to O, where it meets the line CB, 


to H and G, making 
the prolongations either 
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then Oil is one-half of EB, and OD equal to half of DB ; 
which results give the point of intersection B, and the distance 

to it from D. 

PRon. XVJIL 


To find the heifd of a pomf on an inaccessible hill without the 

nsc of instruments. 


Drive a pick-et three 



or four feet long at H, 

• 

/ 1 

/ / 

and another at] where 



the top of a long rod 


i 

FD is in a line with the 


► / 

^ ■ 

' / 

object S from the point ^ 


0 r 

/ 

A (the heads of these .-v 

" r- 

^ K-' 

pickets being on the ^ | 

F B/ ( 


same level) ; mark also r ' 

r — 

F 




the point 0, where the H 


1 


M 


Jiead of the rod is in the same line with S, from the top of any 
other picket B ; and measure AF and BO ; lay off the distance 
BC from E to b, and the two triangles ADb and ASB are 

^ HI 

Ab HO 
HI 


• I 1 PS — AB 

evidently Similar, whence^ — ^ 


ni - AP 
— and — : 
HO AP 


PS therefore 


DF. — and AP 
no 


AF. 


HO 


Peob. XIX. 

How to lay off a perpendicular loitli the chain. 

Suppose A the point at which 
it is required to erect a right- 
angle: £x an arrow into the 
ground at A through the ring of 
the chain, marking twenty links; 
measure forty links on the line 
AB, and pin down the end of the chain firmly at that spot, 
then draw out the remaining eighty links as far as the chain 
will stretch, holding by the centre fifty-link brass ring as at 0 
— the sides of the triangle are then in the proportion of three; 
four, and five, and consequently OAB must be a right-angle. 
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An angle equal to any other angle can also bo marked on 
the ground, with the chain only, by measuring equal distances 
on the sides containing i^ and then taking the length of the 
chord: the same distances, or aliquot parts thereof, will, of 
course, measure the same angle. 

Pnon. XX. 

To avoid an obstacle suck as a kouscy in your chain line. 

The usual way of 
avoiding an obstacle of 
only a chain or two in 
length such as a house, is by turning off to the right or left at 
right angles till it is passed, and tlien returning in the same 
manner to the original line. 

A more convenient method 
is to measure on a line mak- 
ing an angle of 60* with 
the original direction a dts- 
Unco sufficient to clear the 
obstacle, and to return to tho 
'line at the same angle, mak- 
ing CD BO the distance BD is then equal to either of these 
measured lines. 




Let A and B be two 
stations, whose places 
are fixed, and we want 
to determine the point 
C. Take the bearing of 
A, 128*N.W', : having 
done which, we know, 
that C bears from A, 
128*S.E. Adjust the 
protractor at A, by 


Pnop. XXI. 

To find your place in a Survey. 
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incfins of tlic cnsL and west paralicl lines, and lay off 128° 
S. 15., ilic l)oaring of C; which point C must, we know, 
lie somewhere in llie line ihns obtained. Next, take the 
bearing of B G.'5° N. IC., and having adjusted the protractor 
at B, lay of G3° S. W., and where a line drawn from B (to 
represent this bearing) cuts the lino or bearing drawn from A, 
is the required station C. 

The above may be put into a short rule : thus — To find your 
station In/ observations t alien to two points already Imoxon. 
Protract from those points llic opposite bearings to what you 
observe, and their intersection fixes the place sought. For 
example, if the bearing to a point be 20° N. E., protract from 
that point 20° S. W., &c. 

Foxn. Th.nt tlic nearer your two bearings meet at a right angle, the 
more correct will the station be determined : and also, that when a third 
feed point can be seen, a bearing to it will serve to corroborate your 
other observations ; and a point so obtained, namely, by the exact meet- 
ing of three bearings, becomes as good as any other point. 

The above is a very useful problem— indeed, indispensable when 
sketching ground and filling in a survey. 


PnoB. XXIL 


To describe on a given line BQ 
of containing a 

Bisect BC in A. 2. Through 
the point of bisection, draw 
the indefinite right line DE 
perpendicular to BG. 3. Upon 
BC, at the point C, make each 
of the angles DOB, FOB, GCB, 
HOB, respectively equal to the 
difference of the angles of the 
intended segments and 90 de- 
grees : the angle to be formed 


a segment of a circle, capable 
given angle. 
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on the same side with the segment, if the angle be less tlian 
90; but on the opposite side, if the angle is to bo greater 
than 90 degrees. 4. The points D, F, G, H, where the angular 
lines CD, OF, CG, OH, intersect tlie line DE, will be the 
centres of the intended segments. 

Thus, if the intended segment is to contain an angle of 120® 
make (on the opposite side to which you intend the segment to 
he described,) the angle DOB equal to 30®, the difference be- 
tween 90® and 120®; then on centre D, and radius DO, 
describe the segment CoB in every part of which, the two 
points 0 and B will subtend an angle of 120 degrees. 

If we want the segment to contain 80 degrees at 0, 
make the angle BCG, equal 10 degrees, and on the same side 
of BO as the intended segment; then on G, with radius GO 
describe segment C^B, in every part of which 0 and B will 
subtend an angle of 80 degrees. 

n 

Note. Two objects can only be seen under the tame angle, from 
some part of a circle passing through those objects, and the place of 
obserratioo. 

“ If the angle under which those objects appear, he less than 90% the 
place of observation will be somewhere in the greater segment, and those 
objects will be seen under the eame angle from every part of the 
segment. 

“ If the angle, under which those objects are seen, be more than 90% 
the place of observation will be somewhere in the lesser segment, and 
those objects will be seen under the same angle from eveiy part of that 
segment.” Hence, from the situation of three known objects, we are 
able to determine the station point with accuracy. 


Pbob. XXIII. 


To determine the position of a point, ft om whence three pants 
of a triangle can be dhcooered, tohose distances are hnown. 


The point is either without, or within the given triangle, or 
in the direction of two points of the triangle. ' ^ ^ 
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Ca'SE Is a When the three given objects form a triangle, and the 
point or station tohose position is required, is without the triangle. 

Example. Suppose we want 
to determine the position of a 
rock D, from the shore: the 
distances of the three points 
A, C, B, or rather tlie three 
sides, AO, OB, AB, of the tri- 
angle ABO being given. 

In the first place, the angles ADO, CDB, must be measured 
by atheodilitej then the situation of the point D may be readily 
found, either by calculation or construction. 

By Construction. Method 1. On AC 
describe by the preceding problem, a 
circle capable of containing an angle 
equal to the angle ADO ,* on OB, a seg- 
ment containing an angle equal to the 
angle CDB; and the point of intersection 
D is the place required. 

Another method. Make the angle 
EBA, equal to the angle ADE, and the 
angle BAB equal to the angle EDB. 

Through A, B, and the intersection E, 
describe a circle AEBD ; through E, O, 
draw EC, and produce it to intersect 
the cii’cle at D ; join AD, BD, and the distances AD, CD, BD, 
will be the required distances. 

By Calculation. In the triangle ABO, are given the three 
sides, to find the angle BAO. In the triangle AEB, are given 
tlie angle BAE, the angles, ABE, AEB, and the side AB, to 
find AE and BE. 

In the triangle AED, we have the side AB, and the angles 
AED, ADE, and consequently DFA, to find the sides AD, 
and DE. 

The angle ADE, added to the angle AEG, and then taken 
from 180°, gives the angle DAE. The angle CAE, taken 



C 
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fiom the angle DAE, gives the angle CAD, anti henee DC. 
Lastly, the angle AEG. taken from AEB, givps DEB, anti 
consequently, in the triangle DEB, tvc have EB, the angle 
DEB, and the angle EDB, to find BD. 

In this method, when the angle BDC is less than that of BAG, 
the point C will he ahoVo the point E ! but the calculation is so 
similar to the foregoing, as to rcqairo no particular o.'cplanation. 

When the points E and C fall too nearly together, to produce 
EC towards D with certainty, the first method of construction 
is the laost accurate. 


Case 2nd. Ulien the given place or station D, is tcHJiovt.ihc 
triangle made hy the three given objects At D, Cy but in a line 
with one of the sides produced. 

Measure the angle ADBj- then the 
prohlem, may ho easily resolved, citlicr 
hy construction or calculation. 

Sy Construction. Subtract the measur- 
ed angle ADB from the angle CAB, 
and vro obtain the angle ABDj then at 
B, on the side BA, draw the anglo ADD, and it nill moot the 
produced side OA at D; and DA, DC, DB, will be the required 
distances. 



JBy Calculation. In tho triangle ABD, tlic angle D is obtain- 
ed by observation, the angle BAD is the supplement of tljo 
angle CAB: two angles of the triangle being thus Xnown, tbo 
third is also known; we have, consequently, in tlio trianrfle ABD 
three angles and one side given to find the length of the other 
two sides, which is readily obtained. 


Case Zrd. IVhm the station point t? in one of the sides of the 
given fnangle. 


By Const! action. 1. Measure the angle 
BDC. 2. Make the angle BAE equal to 
the observed angle. 3. Draw* CD p iral- 
lel to EA, and D is the station point 
required. 



X 


82 


By Calculation. Find the -angle B in the triangle ABC, 
then the angles B and BDG being known, we obtain DOB ; 
and consequently, as Sine of the angle BDG : BG : : Sine of 
the angle DGB ; BD. 

Case 4^/!, BHien the three given places are in a straight line. 

Example. Being at sea, near a straight shore, I observ- 
ed three objects. A, B, C, which were truly laid down 
on my chart; I wished to lay down the place of a sunken 
rock D; for this purpose the angles ADB, BDG, were 
observed. 

By Construction. Method 1. On AB, 
describe the segment of a circle, capable 
of containing the observed angle ADB. 

On BO describe the segment of a circle, 
capable of containing the angle BDG; the 
point D will be at the intersection of the 
arcs, and by joining DA, DB, DG, the required distances are 
obtained. 

Method 2. Make the angle ACE, 
equal to ADB, and the angle EAG 
equal to BDG; and from the point of 
intersection E, through B, draw a line 
to ED, to intersect the arc ADO ; join 
A, D, and D, C, and DA, DB, DC, 
are the required distances. 

By Calculation. 1. In the triangle CAE, we have all the 
angles, and the side AC, to find AE. 2. In the triangle 
ABE, AB, AE, and the included angle are given, to find 
the angles AEB, ABE. 3. In the triangle BDC the angles 
BDG and DOB (= ABE) are given, and consequently 
the angle DGB and the side BC; hence it is easy to ob- 
tain DB. 



D 
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GasB diK nen the station falls tcitkin the tnangh foimed 
hj the three given objects^ 


Let ABO represent three tovpers, 
whose distance from each other is known j 
to find the distance from the tower D, 
measure the angles ADO, BDC, ADB. 

Sg Construction. On two of tlie given 
sides AO, AB, describe segments of 
circles capable of containing the given 
angles, and the point D of their intersec- 
tion wiil he the n?«juired place. 

Another Method, hfako the angle 
ABB, equal to the anglo ADE, and 
BAB eqnal to BDE j describe a circle 
through the three points A> B, E, and 
join E, 0, by the line EC; the point D, 
where EO intersects Ihe circle B, A, D, 
B, E, will be the required station. > 



6/4. Jllien the station pom/ D, falls without the triangle 
ABCi hut the point C falls towards 


liet A, B, C, represent three towers^ 
whose respective distances from each 
other are known; required their dis- 
tance from the point D. 

. Measure the angles ADC, BDC, and 
to prove the truth of the observations, 
measure also ADB. 



£g Construction. Method 1. On ACj A 
describe a circle capable of containing 
the angle BDC, and on AB, one capable 
of containing the angle ADB, and the 
point of intersection Tvill bo the place 
required. 

Or, it may be constructed by Method 2, Case I. The calcu- 
lation is upon principles so exactly like those given in tlmt 
Cose that a further detail would he superfluous. • 
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The above instances arc sufTicieni to illustrate this problem, 
which is extensively useful in Maritime Surveying, to deter- 
mine the [jositions of rocks, sands, &c., at a distance from the 
coast: but the operation may bo very mucli shortened by 
making use of an instrument called a stafion pointer, wliicli 
can 1)0 set to the observed angles, and then applied to the 
map or plan, so as to fix the station at once : or, the observed 
angles may be drawn on transparent tracing paper, and then 
applied to the plan; which method \Yill be found to answer 
the purpose. 


PiiOB. XXIV. 


TJic distance of two ohjects A, B, and the angles ADB, BD C, 
BCA, being given, to find the distance of the two stations . 
Dj C, from the ohjects A, B, 


By Construction. Assume dc 
any number at pleasure, and make 
tlie angles bde, adc, respec- 
tively equal to the angles BDC, 

ADB, &c., and join ab ; it is plain 
that this fifTure must be similar to 

o 

that required ; therefore draw AB, equal 
to the given distance, and make ABC 
equal to abc, BAG to bac, and so on 
respectively; join the points, and we 
have the distances required. 

By Calculation. In the triangle adc, we have dc, adc, and 
acd, to find ad, ac ; in bed, we have in like manner the three 
angles, and dc, to find db, be. 

In the triangle adh, we have ad, bd, and the angle adb, to 
find ab. Hence by the nature of similar figures, as ab to 
AB ; : dc ; BC ad: AD ::bd: BD :: be: BC. 
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PitoB. XXV. 

TU distances of three objects A, S, C, from each other ^ arid 
the angles ADC, CDE, CED, CEB, being given, to fnd the 
sides AD, DC, DE, EO, and EBm 

Assume any line dc, at plea- 
sure, make the angle ede equal 
to the angle CDE, and the angle A 
ced equal to the»angle CED; 
also the angle eda equal to the 
angle CDA, and the angle cth 
equal to the angle CEB ; pro- 
duce ad, he, to intersect each other aif, and join cf. 

It is evident that the figures cdfe, 

CDFE, are similar; therefore, on AO, 
describe a segment of a circle, capable of 
containing an angle AFO equal to afe-, 
and on CB a segment capable of contain- 
ing an angle CFB, equal to the angle 
fch', from the point of intersection F, 
draw FA, FB, FG ; make the angle FCD equal to 
fed, and FOE equal to the angle fee, which completes the con- 
struction; then by assuming de equal to any number, the rest 
may he fouud as before. 

This method fails when AB 
is parallel to* DE, therefore, 

"having described the segments 
ADO, BEG, draw CF, to cut 
off a segment equal to the angle 
CDF, and the right line CG, to 
cut off a segment equal to the 
angle CEG ; GF n ill be in the right line DE ; therefore, join 
GF and produce the line each way, till it intersects the seg- 
ments, and the points D, E, will bq the stations required. 
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Piion. xxvr. 

/<>?;/)• pnhifx B, C, D, F, or ihc four sides of a quadrilateral 

Jiparc, initli its auqles hriwj ffivcn, and the anplcs J3AC, BAE, 

AED, DEF, hnoum hy ohsernntion, to find the station points 

A and E, and consequently ^ the Icnyth of the lines AB, AC, 
ED, EF. 

By Construction. 1. 

On BC describe tlie 
scn-incnt of a circle, to 
contain an angle equal 
to BAG. 2. From C 
draw the chord CM, so 
that the angle BCM may be equal to the supplement of the 
auMe BAE. 3. On DF describe the segment of a circle 
capable of containing an angle equal to DEF ; join MN, cut- 
ting the two circles at A and E, the required points. 

By Calculation. In the triangle BOM, the angle BCM, 
(the supplement of BAE,) and tlie angle BMC, (= BAG,) 
and the side BO are given, whence it is easy to find MO. In 
the same manner, DN in the triangle DNF may be found ; 
Fut the angle MOD, ( = BCD, — angle BCM) is known 
with the sides MO, CD; consequently, MD, and the angle 
MDC, will be readily foimd. 

The angle BIDN, ( = angle CDF, — CDM, — FDN) and 
MD, DN, are known; whence we find MN, and the angles 
DMN, DNM. 

The angle CMA, ( = DMC DMN,) the angle MAO, 

( = MAB added to BAG,) and the side MC are given; 
therefore, by calculation, MA, and AO will also be known. 

In the triangle EDN, the side DN, and the angles E and N 
are given ; whence we find EN, ED, and, consequently, AE 
equals MN, — MA, — EN. 

In the triangle ABO, the angle A, with its sides BC, AC, 
are known ; hence AB, and the angle BOA, are found. 
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In tlie triangle EFD, the angle E, with the sides ED, DF, 
being known, EF and the angle EDF can be found. 

Lastly, in the triangle AOD, the angle ACD, ( = BCD, 

BOA,) and AC, CD, are ^ven; hence AD is found, as in 

the same manner EC in the triangle ECD. 

N’ote. — In this Problem, and in Problems XXIV .and XXV, if the 
two stations fall in a right line with either of the given objects, the pro- 
blem is indeterminate. As to the other cases of this problem, they fall 
in with what has already been said. 

The solution of this problem is general, and may!)© used for the two 
preceding ones; for suppose CD the same point in the lost figure, it gives 
the solution of Problem XXV., butifU, C, be supposed the same points 
D, F, we obtain the solution of Probleiu XXIV. 


Pbob. XXVIL 

2V reduce angles ia the centre of the station. 

In surveys of kingdoms, provinces, counties, &c., where 
signals, churches, &c., at a distance, are used for points of 
observation, it very often happens that the instrument cannot 
be placed exactly at the centre of the signal or mai'k of obser- 
vation; consequently, the angle' observed will be eitlier 
greater, less, or equal to that which would have been found at 
the centre. This problem shows how to reduce them to tlie 
centre; the correction seldom amounts to more than a few 
seconds, and is, therefore, seldom considered, unless where 
great accuracy is required. 

The observer may be considered in three different positions 
with respect to the centre and the objects ; for he is either in a 
line with the centre, and one of th^e objects, or in an inter- 
mediate one, that is, a line from this centre to the observer 
produced, would pass between the objects; or he is in an 
oblique direction, so that a line from the centre to him would 
^ pass without the objects. 
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Cabi: I.s 7 . Where llic observer is at o, 
between the centre and one of the objects, 
the exterit'r :it)gk* hnutt, is i^reatcr than 
(l>o angle men, at the centre, ])y the 
atjgle rmox then'forc, tahitig cmn from 
tile observed angle, we liavo that at the 
centre. 



If the observer is at a the exterior angle man, is greater 
than that of mai, at flic centre, by the value of n; therefore, 
talco this from the centre. But if the observer is further from 
the objects than the centre, as at i, the observed angle 7am, is 
less than that at tlio centre men, by the .angle m: therefore, by 
adding m to the observed angle, we obtain the angle ?nen, at 
the centre. In the same manner, if the observer is at ri, we 
sbonld add the angle n to the observed angle 772707, in order to 
liave the angle men, at the centre. 

Case 2 n(l. When the observer is at o, 
draw rto, and the interior angle d exceeds 
the angle 7 ^ at the centre by the angle 
722 , and the exterior angle c exceeds 
the angle at the centre a, by tlie 
angle n; therefore, 722077 exceeds the 
angle at the centre, by the value of the two angles m and n ; 
these, therefore, must be subtracted from it, to obtain tlie 
central angle. On the contrary, if the observer is at a, the two 
angles m and n must be added to the observed angle. 

• Case S/yZ. When tlie observer is at 0, 
having measured the angles mo 7 i, moe, the 
angle i is exterior to the two triangles 
77207, nei; therefore, to render 722077, equal 
to min, we must add the angle n; and 
to render the exterior angle min, equal 
to the observed angle mon, we must take away the angle m / 
therefore, adding 7?7 to the observed angle, and subtracting n 
from the total, we obtain the central angle m or n. 
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From what has been said, jl is clear, that in the first case, 
we are to add or subtract from the observed angles, that 
of the angles tn or n, which is not in the direction of the 
observer. 

In the second case, we have cither to subtract or add the 
two angles m or n. 

In the third case, we add to the observed angle, that of the 
two m or n, which is of the game side n ith the obser\ er, and 
subtract the other. 

To know the position of the observer, care must be taken to 
measure the distance of the instrument from the centre, and 
the angles this centre makes with the objects. 

An inspection of the figures is sufficient to show bow the 
value of the angles m, n, may be obtained. Thus, m the tiianglc 
moe, we have the angle at a, the distance oe, and the distances 
em, om, (which are considered as equal,) given, 

^ peob: xxvia 

To reduce triangles from one plane to another. 

After the reduction of the observed 
angles to the centre of each respective 
station, it is genexally necessary to re- 
duce the parts of one, or of several 
triangles to the same level. 

Case 1. Let us suppose the three 
points A, P, E, to be equally distant fioin the centre of the 
earth, and that the point K is higher than these points by 
the distance or quantity RE 5 now it is required to reduce 
the triangle APR to that of APE. 

By the following rule, we may reduce the angles RAP, 
RPA, which have their summits in the plane of reduction, to 
the angles EPA, EAP. 




co- 


^ Uuk. The co-slno of tlio minced angle is crjiuil {(, the 

Mne of tlie observed angle, divided by ilic co-sino of the ancle 
ofelcvaticJii. 

'J'hesc fwo angles being Icnown, the third angle E is conse- 
({uontly hnown; wo shall, however, give a rule for finding 
AKI*, independent of (he other two. 

Jluk, 'J'ho co-sinc of tlic reduced angle is eyiial to the co- 
sine of tlie observed angle, lessened by the rectangle of the sines 
the angles of elevation, divided by the rectangle of the co- 
sine of the same angles. 

The reduction of the sides can be no difiicnity. 

Ca.w 2. Let AHr, be the P, / 


V 


\ 


/ 




triangle to be reduced to the ^ 
jdane AE/’, the points JD, c, of 
the vertical lines RE, re, being 
supposed cquallj’’ distant from 
the centre of the earth. 

Prolong the plane AEe, to P, . ^ 

that is, till it meets tlie line Rr, produced to P; and the value 

of EAc, will be found by this formula. 

Tangent i (PAR -}- PAr) = tangent i RAr x 

tangent -ir (RAE + rAc) tt • ..i i m i i m 

Knowing the iialf sum and half 
tangent i (HAL — rAc) ® 

dificrcncc of PAR, and PA?', wc obtain the value of eacli of 
tlie angles ; the value of PAE, and PAc, may be then obtained 
by tlie first of the two preceding rules, and the dilTerence 
between them is the angle sought. 

Let 0 bo the centre of tlie earth, 
and AB the side of a triangle reduced 
to a common horizon by the preceding 
methods; if it be required to reduce 
this to the plane DE, as these planes 
are parallel, the angles will remain the 
same ; therefore, the sides only are to he reduced, the mode 
of performing which is evident from the figure. 
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- rnoB. XXIX. 

Method of carri/itig on a trianguJatim for any survey, whether 
the ohject he to find the distance hetween two given points or 
for any other purpose whatever. 

Let AB be a base of 2 miles, 
or 3520 yaids; and suppose 
poles or flag-staves are set up 
at the stations A, B, 0, D, G; 
and that the angles at those 
stations, taken with a theodo- 
lite, are the folloaing: 

C A B = (14° 29' 

0 B A = 75 15 
A G B ^ 40 18 

Sum = 180 02 

B 0 D = 53 41 
C B D = 04 08 
B D C = 62 14 

Sum =. 180 03 

It is required to find the distance of the Spire P from the 
Station A. 

The error in the sum of the three observed angles of the 
fitst triangle is, 2'; in the second, 3'; and in the third, 2'. Tlio 
angle at P, in the fourth triangle, is sopplemental. 

No certain rule can be given for correcting the observed 
angles ; this must he left to the judgment of the observer, who, 
from circumstances, will seldom be at a loss to point out where 
the greatest uncertainty lies. To make the calculation, how- 
ever, we will suppose the corrected angles are 

0 A B = 64° 28' D C G = 73° 58' 

C B A = 75 14 C D G = 51 28 

A 0 B = 40 18 O G D = 54 34 



D C G = 73° 58' 
C D G = 51 27 
G G D — 54 33 


Sum = 170 58 

DGP = 71 07 
,jlDP = 46 51 


Sum 180 00 


Sum = 180 00 


5 » 
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B C D .== 53 ° 40 
0 B D == -64 07 
B D C = 62 13 


D G P =' 71° 07 
G D P = 46 51 
G P D = 62 02 


Sum = 180 00 Sum = 180 00 

TheUj 

As A A CB or 40° 18' ... Sine 9.810763 ' 

: A B 3520 ... Log. 3.546543 

:: 0 A B „ 64° 28' ... Sine 9.955368 

13.501911 

: OB ,,4910.7 ...Log. 3.691148 = CB or 4910.7 

AddZ-DOB,, 53° 40' ... Sine 9.906111 

13.597259 

. Dedt. Z_BDO„ 62° 13' ... Sine 9.946804 

Log. 3.650455 = BD or 447 1.5 
Add Z. OBD „ 64°,07' ... Sine 9.954090 

13.604545 

Dedt. ADCB„ 53° 40'^... Sine 9.906111 

Log. 3.698434 = ODor4993.8 
Add Z_ DOG „ 73° 58' ... Sine 9.982769 


13 681203 

Dedt. ^ CGD „ 54° 34' ...Sine 9.’911046 


Log. 3.770157 = DGor5890.6 
Add ^ DGP„ 71°07' ...Sine 9.975974 


13.746131 

Dedt. Z.DPG,, 62° 02' ... Sine 9.946069 

Log. 3.800062 = DP or 6310.5 
Now, from the sides BA, BD, and the included angle ABD 
= 139° 21,' we get the angle BDA = 17° 48' and AD = 
7501.1 yards. 

And, if BDA he taken from 160° 32,' the angle BDP, there 
remains 142° 44' the angle ADP, which, with the including 
sides AD = 7504;!, and DP = 6310.5, will give the distance 
from P to A == 13093 yards. 
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When triangles arc carried on from the original base in all 
diiections, the distances towards the extiemiticsmay, in some 
respect, be verihecl by independent calculation. 


pROB. XXX. 

To lefer a series of tnangUs to a Mnidian line, and another 
line Perpendicular to it, 

This method should be adopted wherever extreme accuVacy 
is required, for whatever care is talcen to protract a series of 
triangles, the protractor, the points of the compasses, the thick- 
ness of the line, the inequality of the paper, &.c. will produce 
in the fixing of the points of a triangle, an error, which, thougli 
small at first, will have its infiuenco on those tliat succeed, and 
become very sensible, in pioportlon as the number of triangles 
is augmented. 



Let AB, be the Meridian, CD, the Perpendicular, and the 
triangles oad, due, deg, egi, gil, those that have been observed; 
from the point o, (which is always supposed to be on a meridian, 
or whose relation to a meridian is known) observe the angle 
Be«, to know how much the point a declines from the meridian. 

In tlie right-angled triangle, oBa, we ha\e the angle Baa 



and the riaht anr^lc niul consequently llie angle oaB 
togelhor with the side on, to find oB, and Ba. 

For the point <1, add the angle Bon, to the ohserved angle 
nod, for llic angle doI>, or its equal odm, and the complement is 
the angle mod, whence as before, to find om, and md. 

I'or the j)oint //, add the angles, mdo, oda, adc, and edg, 
which subtract from 3G0°, to-obtain the angle gdr, of the right- 
angled triangle grd; hence we also readily, as in the preceding 
triangles, obtain 7g ^ vit, which added to mo, gives to the 
distance from the meridian. Tlien we obtain rd, from which 
taking dm, we obtain rm ~ gl, the distance from the per- 
pendicular. 

For the point c, take the right angle rdf from the two 
angles rdg, gde, and the remainder is the angle fde of 'the 
right-angled; triangle dfe; hence w'c obtain/tv/ and df, which 
added to db, gives If — xc, the distance from the meridian ; 
from the same right-angled triangle we obtain /c, which added 
to fn — dm, gives cn, the distance from the perpendicular. 

For the point i, add together the angles rgd, dge, cgi, and 
from the sum subtract the right angle rgh, and we obtain the 
angle ghi, of the right-angled triangle hgi, and consequently 
the angle i ; hence also we get Id — tp, which added to to, 
gives op, distance from the meridian, and gh, from -svlncli sub- 
tracting gt, we obtain th = jii, distance from the per- 
pendicular’. 

For the point I, the angle gid, added to the angle Igi, gives 
the angle Igk of the right-angled triangle gJd, and of course the 
angle glk, whence we obtain Id, or ig, which added to to, 
gives og, distance from the meridian ; hence we also obtain gh, 
which taken from gt, gives ht — Ig, distance from the 
perpendicular. 

If, before the operation, no fixed meridian was given, one 
may be assumed as near as possible to the point o; for the 
error in its position will not at all influence the respective 
position of the triangles. 
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PROB. X^^I. 

A Map with its Area letng given, and its Scale omitted to he 
either draton or mentioned ; tojind the Scale, 

Cast up t^iQ map by any scale whatsoever, and it will be, 
As the Area given. 

: The Square of the scale hy which cast vp 

: : The given Area of the Map 

: The Square of the scale hy which it teas laid down. 

The Square root o£ winch will give the Scale. 

Example. 

A map whose area is 126 Ac. 3 Rds. 16 Per. heing given 
and its scale omitted to be either drawn or mentioned; to find 
the scale. 

Suppose tho map was cast up by a scale of 20 Perches to 
an inch, and tlio content tliereby produced be 31 Ac. 2 Rds. 
34 Per. 

Then, 

As the Area given or 81 Ac. 2 Kds. 34 Per. »*= 5074 Per. 

: The Square of the scale hy which it was ^ 
cast tipt that is 20 X 20 = 5 

: : The given Area of the map 126 Ac. 3 Kds. 16 Per. = 
2029d Per. 

: The Square of the scale hy which it was laid down. 

Or, as 5074 : 400 : : 2029G : 1600 the Square of tho re- 
quiied scale, the Square root of which == 40. 

Tlie map was therefore laid down by a scale of 40 Perches 
to an inch. 


pROB. XXXII. 

To find the true Area of a Survey, though it he taken by a 
Chain that is too hug or too short. 

Let the map be constructed, and its area found as if the 
, chain was of a true length, and it will be 
As the Square of the true chain, 

: The area of the map 
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: : The Square of the chain surveyed hy 
: The true Area of the map. 

Example. 

If a Survey be taken with a chain which is 3 inches too 
long ; or with one whose length is 42 Feet 3 Inches, and the 
map thereof be found to contain 920 Ac. 2 Eds. 20 Per. 
Required the true area. 

As the Square of 42 Ft 0 In. = the Square of 504 inches 
= 254016 

; The area of the map 920 Ac. 1 Rd; 20 Per. = 
147260 Per. 

: : The Square of 42 Ft 3 In, = the Square of 50^ 
inches — 257049 
: The true area. 

Ac. Rd. Per. 

or, 254016: 147260 :: 257049: 149019 == 931 „ 1 „ 19 

Peob. xxxnr. 

How to divide land, or to take off any given part from a Map. 

Let ABCD, &c. be a map of ground, containing 1 1 Acres, 
it is required to cut off a piece as DEFGID, that shall con- 



join any two opposite stations as D and G, with the line 
DG, (which we may nearly Judge to be the partition line) 
and find the Area of the part DEFG, which suppose may 
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want 3 Uds. 20 Per. of the quatstUy we would cut off: Plea- 
sure the line DG» which suppose to be 70 Perches. Divide 
3 Rds. 20 Per. or 140 Per. by 35, the half of DG, and the quo- 
tient 4 will be a perpendicular for a tiiangle uliose base is 70, 
and the Area 140 Per, Let III be drawn parallel to DG, 
at the distance of the perpendicular 4, and fiom 3 where it 
cuts the boundary, draiv a line to D, and tliat line DI will 
be the division line. 


Prob. XXXIV. 

To ^elermine the Area of a piece of ground, having the map 
given, hy reducing it to one tnangle equal thereto, and thence 
finding its Area. 

Let ABCDEFGHA be a map which we would reduce to 
one triangle equal thereto. 



Pioduce any line of the map, as AH, both ways; lay the 
edge of a parallel ruler from A to 0, having B above it: hold 
the other side of the ruler fastj open until the same edge 
touches B, and with a protracting pin, mark the point b on 
the pioduced’line: Jay the edge of the ruler from 5 to D, 

o 



OS 


linvini:; 0 above it .* bobl the other side fast, open until the 
sntue i-d^e touches (?<, nnil mark the point c, on the produced 
line. A lino drawn from c to D will take in as much as it 
leaves out of iljc map. 

Ai^ain, lay the edi;o of the ruler from II to F, having 
G iibovo it, keep the other side fast, open until the same edge 
touches G, and mark tlm point y, on the produced line; 
lay thfi edge of tlie ruler from g to E, Iiaving F above it, keep 
the other side fast, o})cn until the same edge touches F, and 
mark the point oti the produced line. Lay tlie edge of the 
ruler from/ to D, having E above it, keep the other side fast, 
<)j)on until the same edge touches E, and mark the point 
c, on the produced line. A line drawn from D to e, will take 
in as much as it leaves out. Tims we liave the triangle cDc, 
equal to the irregular polygon ABCDEFGIIA. 

If when the rulers edge be applied to the points A and C, 
the point B falls under the ruler, liokl that side next the said 
points fast, and draw back the other to any convenient distance; 
then hold this last side fast, and draw back the former edge to 
B, and Jiiark h, on the produced line ; and thus a parallel 
may bo drawn to any point under the ruler, as well as if it 
•were above it. It is best to keep the point of tlie protract- 
ing pin ill the last point in the extended line, until the 
edge of the ruler is laid to the next station, or one point 
may bo mistaken for another. 

This may also be .performed with a scale, or ruler, which 
has a thin sloped edge, called a fiducial edge and a fine pointed 
pair of compasses. Thus, 

Lay that edge on the points A and 0, take the distance from 
the point B to the edge of the scale, so as it may only touch it, 
in the same manner as you take the perpendicular of a triangle ; 
carry that distance down by the edge of the scale parallel to it, 
to 5, and there describe an arc on the point <5, and if it just 
touches the ruler’s edge, the point is in the true place of the 
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extended line. Tlien lay tlie fiducial edge of the scale from 
h to D, and take a distance from O, that will jast touch the 
edge of the' scale ; carry that distance along the edge, until the 
point which was in C, cuts the produced line in c; keep that 
point in e, and describe an arc, and if it just touches the ruler’s 
edge, the point c is in the true place of the extended line. 
Draw a line fiom c to D, and it will fake in and leave out 
equally. In like manner the other side of the figure may be 
balanced by the line eD, 

Let the point of the compasses be kept to the last point of 
the extended line, until the scale is laid from it to the next 
station, to prevent mistakes from the number of points. 

Tliat the triangle cVe, is equal to the right-lined figure 
ABCDEFGHA, will bo evident from Problems 13, 14. 
Chap. 3. For if a line were drawn from ^ to C, it will give 
and take equally, and then the figure i>CDEFGH, will bo eqnal 
to the map. Thus the figure is lessened by one side, and the 
next balance line will lessen it by two, and so on, and will 
give and take equally. In the same manner an equality will 
arise on the other side. 

The area of the triangle is easily obtained and thus we 
have the area of the map. 

It is best to extend one of the shortest lines of the polygon, 
because if a very long line be produced, the triangle will liave 
one angle very obtuse, and consequently the other two very 
acute; in which case it will not be easy to determine exactly 
the length of the longest side, or the points where tlie balan- 
cing lines cut the extended one. , 

This method will be found very useful and ready in small 
enclosures, as well as very exact; it may be also used in large 
ones; but greater care must be taken of the points on the extend- 
ed line, which will be crowded, as w'ell as of not missing a 
station. 
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Prob. XXXV. 


' To determine the Area of a piece of ground, having the Map 

given, hy weight. 

Let t]ie siibjomed figure be that wliose area is required. 



tben be a quarter of a squ^’e incb in area. 

With a penlcnife, cut away all the squares marked a, which 
the boundary of the map does not reach, then all the whole 
squares contained within the body of the map, and the 
squares which the boundary passes through and which are 
marked z, z, z, ^c., will remain. 

Add the number of whole squares in the body of the map, 
and those marked z, together, wliich number note down ; then 
find with grains and tenths of a grain^ the weight of the 
paper. Gall the number of squares, first area, and their 
weight in grains and parts, their first weight 

Then cut the map close by the boundary and weigh it in 
grains arid decimals of a grain, as before. • Then say, as the 
first weight, "is to the first area, so is the second weight to the 
second area, which gives the area of the map in squares, 
and decimals of a square. Then by knowing by what scale 
it was laid down, the area of each square is known and con- 
sequently the area of the whole map. 

The state of the Atmosphere has a very sensible effect on tin’s 
operation. The weighment should be made vdth as delicate 
scales as possible, and the mean of two, or more trials adopted. 
















ON SURVEYING INSTRUMENTS. 


CHAPTEK I. 

OF THE CHAIN. 

Gunter’s Chain is the measure adopted in tlic Indian 
Revenue Surveys, hut a description of it haring been given 
under the head of "Areas,” it is unnecessary to repeat it here. 

The length of a straight line must ho found mechanically 
by the Chain, and it is the most difficult operation in Survey- 
ing. The Surveyor therefore cannot be too careful in guard- 
ing against, rectifying, or making allowances for every possible 
error, for on the exactness of this mensuration, the correctness 
of his operations depend. 

The Chmn, however useful and necessary, is liable to many 
errors — 1st, in itself, — 2ndly, in the method of using it, — and 
Srdly, in the uncertainty of pitching the arrows, every possible 
precaution must therefore he used 

If the Chain bo stretclied too tiglit, the rings will give, the 
arrows incline and the measured lino will be shorter than it 
really is ; on the other hand, if it be not drawn sufficiently tight, 
the measure obtained will be too long. 

If the Chain is a new one, it should invariably be measured 
daily until it has stretched to its utmost, if an old ono, and 
which a Surveyor will find by experience, to be always prefer- 
able, once in every three or four days is sufficient A careful 
and correct Surveyor, nil!, however compare it daily. 
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Ciinins Iiavo hocn known to stretch as much as 3 inches in a 
<lny s work, tin’s tliougli ti’ifling in one Chain, would he found of 
material consequence, after measuring 400 or 500 Chains during 
the day, amounting as such an error would, to nearly one Chain 
and a half in the Avholc distance measured. The rectifying of 
such errors in the Cliain measurements is easily done by a calcu- 
lation from Table A, (vide Appendix) but a correct Cliain saves 
mucb trouble. 

In the event of a Chain having lengthened, the correction, 
whatever it may he, to the Chain Hues, must be made by 
addition, and vice verm, if the Cliain is sliort, by subtraction of 
the quantity required to rectify the error. Tims, 

Supjiosing a Chain to have stretched 1 inch, a correction of 
one link additive in every 8 CJiains measiu'cd, would he 
necessary to give the true length of any line measured with 
that Chain. Taking the measured line to be 64 Chains the 
correct length of the line would be 64 Chains + 64 Inches or 
64 Chains, 8 Links, and tlie reverse 64 Chains — 64 Inches or 
63 Chains, 92 Links, should t-he Chain be 1 Lich too, short,* 
.such a coiTCCtion is sufficient for all practical purposes. 

It is a common practice, to allow Chainmen too much 
latitude in measuring lincSj i. c., the Simveyor is satisfied to 
come up at the end of the line measimed, count the number of 
links up to the station, depending entirely on the rear Chain- 
man, for a correct account of the number of Chains measm’ed. 
This, even were the account of CJiains correct, (which is always 
doubtful) can never be a satisfactorily measui-ed line. Unless 
the Surveyor follows in the real* of his Chainmen, and keeps 
a continued watch on them, the probabilities are, that his work 
will have to be measured over again. 

A Surveyor should accustom himself to follow his rear Chain- 
man and satisfy himself, as he is progressing, that he is mea- 
suring straight. To ensure the Chainmen proceeding in as 
straight a line as possible, it is always well, for tlie leading 
Chainman to check the direction of the rear Chainman, by keep- 
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ing the latter, and the back station (on which there is invari- 
ablyaflag)iiiastraightlmewithlumself. The r^ar Chainman 
does this, as he directs the leadiiiff one, with the forward station, 
and thus by a mutual check, great accuracy is obtained. 

!Kleven arrows should he used, instead of ten as is generally 
the custom, for in the latter case, when the Chain arrives at 
the end of the tenth arrow, thus denoting 10 Chains as measur- 
ed, the Chain is stopped and liable to be sliifted ; whereas with 
eleven arrows, one arrow always remains a fixture in the 
ground and is never brought into the account, thus preventing 
the possibility of the Chain being shifted wliilst the other ten 
arrows are being taken to the leading Cbainman. 

It is usual to haVe steel rods of 6 or II feet, to test tlic Cliains 
u-ith, the former are the most portable, and the Superintendent 
of a Survey cannot bo too careful in ascertaining that tbeso 
rods are supplied of the exact lengths, and also, in insisting on 
their use. • 

Two rods of 6 feet each, arc sufficient for a Survey party, 
and the method of using them is, to stretch the Chain pretty 
tight on a level piece of ground, fixing two stout pins made for 
the purpose, at each end in the handles of the Chain, then, by lay- 
ing down the two rods from one end, keeping the second sta- 
tionary, and taking up the first, and placing it beyond the second, 
then keeping that stationary and taking up the second, and 
placing it beyond the third and so on, imtil arrived at the end of 
the Chain, when eleven rods thus measured should be its length. 

Experience, however, and the disagreeable necessity of doing 
work twice over, which is always irksome, can alone teach a 
Surveyor the necessity of measuring lines correctly, and of 
keeping a. constant watchfulness over the length of his Chain. 

Directions for using the Chain* Flags are first to be set up 
at the places whoso distances are to be obtained ; the place 
where the measurement is commenced may be called the first 
station, and that measured to, the second station. Tw’o men 
hold the Chain, one at each endj the foremost or leader 
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provided with eleven arrows^ and a ^mall liannner. These 
allows aie made of iron ahoiit one-tlurd'of an hich sq^iiare 
pointed at one end^ with a loose ring on the headj for the pur- 
pose of .hanging in a hook suspended from the girdle of the 
Chainman. On the Chain being stretched in the direction of 
the second station the leader hammers an arrow firmly into 
the ground^ the rear Chainman holding the other end at the 
first station] he then proceeds on in the direction of the second 
station, until the rear Chainman has arrived at the first arrow, 
when the latter directs the former in a Ime with the first 
station, and a second arrow is firmly chdven in; the rear 
Chainman then takes' up the first arrow, counts one Chain 
as measured, and jiroceeds on mitil tlie eleven arrows are, 
expended, one of which remainmg in the ground, the othdr 
ten are sent on to the leading Chainman. The exchange of 
the arrows is always notified by the rear Chainman calHng 
out with a loud voice, so many Tens. The Surveyor here 
marks in his Tield Book, that one change has been made, 
or 10 Chains or 1000 Links measured. The Chaiimieu then 
proceed onwards, imtil another change has been made, 'and 
entered, and so on, marldng every change until the second 
station is arrived at, when the number of arrows in the hand 
of the rear Chainman will denote the number of Chains, 
which, together with the odd hides and the number of changes 
that may have been made between the frvo stations, will make 
up the entire length of the line. 

Or THE "Ceoss Staff” and " Offset Rod.” 

When the boundary of a Survey has tmns and bends in 
it, as is generally the case, it is not necessary to measure 
round every such turn and bend. The. best and most usual 
way, is to proceed in a straight hue from one principal 
corner to another, and when opposite to any bend hi the 
boundary to measure the rectangular distance, termed tlie 
Ofisef fr-om the chain line to the bend, noting the same, 
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together witli the distance on the Chain line from whence such 
Offset -was made. Tiiese Offsets are generally measured 
with an Offset Staff or Kod of ten or twenty links in length, 
ten or five of them making one Chain, and as they are all 
rectangular with the Chain line, they either form triangles or 
trapezea, of which the distance on the Chain line is the base 
and the Offset the perpendicular, to be calculated by the 
rules given under tlie head of “Areas,” and added or deducted 
according as they are to the right or left of the Chain line. 
Great care is required on the part of tlie Surveyor in measur- 
ing Offsets, for unless the Offset is taken at right angles with 
the Chain line, the perpendicular measured for determining its 
area will he too long, and a correct result will not be obtained. 

A very convenient instrument called 
the “ Cross-Staff,” and wliicb can be 
made up by any Bazar Carpenter, is 
tiscd for the purpose of taking Off- 
sets. It consists of a piece of wood, 
about 6 inches square and an inch and 
a Jialf in thickness, fi.'ced on the end of 
a staff about 5 feet in length, with an 
iron spike at the end, for the conveni- 
ence of planting it in tlio ground. The 
square piece on the top has two slits 
ah and cd in it, about half an inch 
deep, at right angles with each other, 
made witli a common saw. This instrument being placed any 
where on the Chain line, if one slit is directed to the forward or 
back station, the other will of course give the perpendicular to 
the Chain line. A well practised Surveyor can, however, 
generally tell a right angle for an Offset, without the assist- 
ance of this instrument. 

The host method of measuring Offsets, is, for the Offset 
man to walk along the boundary, and to give a signal to 
the Chain party, whenever he comes bend or corner, the 
Surveyor then places himself on the Chain line in a rectangular 
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position witli tiie Offset man, when the latter, measuring down 
towards him, gives in tlie length of the Offset in rods, and 
returns immediately to the boundary to take up tlie next bend. 
A good Offset man should never he talcen off his work, for by 
constant practice he Icnows exactlj’’ wlien and where an Offset 
is required. 


On the Perambulator. 

This instrument is very useful for measuring roads, level 
plains, and every thing where expedition is required. It gives 
hoM^ever a measure somewhat too long in going over uneven 
surfaces, which is one of its principal objections, and is there- 
fore only applicable to road and route Suiweys, where great 
accurac}’’ is not essential. 

The followdng figure represents the Perambulator, which 
consists of a wheel of wood A, shod or lined vdth iron to pre- 
vent the wear ; a short axis is fixed to this wheel, which com- 
municates motion by a long pinion fixed in one of the sides of 
the carriage B, to the wheel-woxlc C, included in the box-part 
of the instrument. For portability the wheel A is separable. 
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In this instrument, tlie circumference of the wliecl A, is 
8fc.et3 inches, or lialf a pole; one revolution of tills wheel 
turns a single*-throacled worm once round; the norm takes 
into a wheel of 80 teeth, apd turns it once round in 80 revo- 
lutions; on tho socket of this wheel is fixed an index, which 
makes one revolution in 40 poles, or one furlong; on the axis 
is v;wva vjWv a swgVi tlweasi, ite 

takes into a wheel of 40 teeth ; on the axis of tliis wlieel is 
another worm with a single thread, turning about a wheel of 
160 teetli, whoso socket carries an index tliat makes one rc^ o- 
, lution in 80 furlongs, or 10 
miles. On the dial plate, there 
are three graduated circles, the 
outermost is divided into 220 
parts, or the yards irt a furlong: 
the next into 40 parts, the 
number of poles in a furlong; 
the third into 80 parts, tlie 
number of furlongs in 10 miles, every mile being distinguished 
by its proper Roman figure. 

The instruments generally made in England have been 
found nnsuited to the wants of Indian service: the following, 
describe those in general use in India. 

The Madras Pattern ^-Mile Peramhulator . — Tho 8'-milo 
Ivladras 'Pallem Perambulator, on the adjoining page, con- 
sists of a wheel 20 feet in circumference, having a brass 
plate 7 inches in diameter, on each side of its centre for 
connecting the spokes. On one side, the plate A is graduated, 
in feet and inches from 1 to 20 feet, in three circles, one 
within the other, each circle containing 6f feet. An axle B, 
passes through the centre of these plates to which is attached 
an endless screw D, playing in the teeth of two circular brass 
plates inches in diameter suspended from the axle, one plate 
having 66, and the other 64 t^tfa. TJic front plate is gra- 
duated to 220 yards, and the hick plate to furlongs and miles, 




108 


wliicli nrc ivnrl (iH* tliront^li tlic openings G, G, in llie front 
pliitf, Ilje iinlex 1C being turned down on tlic plate to dejioto 
tlie yavils, ainl tin; ind(>x II, with ndjiisting M-cight W, denot- 
ing tlie feet and inelies on the jd.atc A, attached to tlic wheel, 
d'he axle 15 is lurnishcd at hotli ends with a revolving wooden 
liandle (', C. 

'J'iiis instrument is liesf adapted for roadwork: to a Sur- 
vovor, it is of little use, its great height rendering it difficult 
to manage in a high wind, and rerjuiring two men to work it. 
The onlv advantage it has over other instruments of the kind 
is, that it hears its own weight, and the h.andlcs being about 
the lieight of a man's chest, it is only necessary to keep the 
wheel steady, when the least pressure sots it in motion. 

Liaitniaut Cohucl J^vercat's Pai tern d-Blilc Perambulator . — 
This instrument consists of a wheel, the circumference of 
which is 107.39 inches. 'J'lic s])okcs are connected by two 
.strong brass plates secured with holts, tlic ccnti'e of these 
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plates ]iaving a sciuarc liole, tlirougli tlie a^le pisses 

It has shafts and liandles similar to the one desci ibcd it pigc 1 OD, 
hut somewhat different in constiuction, thc^ shafts being made 
of well-seisoned i\ ood, and the handles like those of a heel* 
harrou The micluncry is extremely simple, consisting only 
of in endless screu , u ith tw o hi iss plates attached, the dia- 
meters of which ire 3-j^ niches, the upper one contiming 59, 
and the loner 60 sken -bevelled teeth, the upper plate is 
divided into 100 parts, the wheel being bevelled inside to 
admit of c^cry 10th port bisecting the surface of the loner 
wheel graduations , the lower plate being graduated to 60 
parts or 10 divisions to a rode 

The axle of the ivhccl runs in two hinges secured to the 
shafts, and so constructed that the wheel is easily detached 
from the body of the instruroent. 

Lieut -Colonel (Faugh s Pattern \0-Mile Feramhulator — 
This instrument is somewhat similoi m construction to Lt-Col 
Everest s, but the shafts arc longer and the wheel of greater 
circumference, being 150 inches The diameter of the dial 
plates, IS 5^;^ inches, the upper one containing 42 teeth, the 
loner one 40 The upper dial is dnndcd into 100 parts, the 
Ion er one into 20, the former being perforated to admit of the 
divisions on the lower plate being distinctly lead 

The upper plate has a small wheel sunk into it, which is 
graduated to 10 divisions or miles, and piopelled by a pimon 
wheel of 10 teeth secured in the centre of the lower plate, the 
upper part of this pinion wheel serving to secure the two 
plates togethei ‘ 

A very great improvement is made in the method of ittach- 
ing the wheel and axle to the shafts , there are no hinges, the 
wheel and axle being secured by tno screw bolts on each side, 
enabling the boxes of the axle to be clamped closer together, 
in the event of friction having worn them 

This instrument is better calculated for general n ork than 
anj yet constnicted, being very strong and at tlie same time 
conv emently poi table 
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Ox Tlin PuiSMATK’ COMI’ASJJ. 

'rjir, of lliis little in.strninent is to incnsurc Iiorizontal 
ati_£xlc's only, or ratlior to take the l^earinirs of objects, 'when 
the anolo can be doflnced from the two ]?carings, and from its 
portability is ]»articuhiry adapted for filling in the detail of a 
map, wliere all the principal points Jiave been correctly fixed 
by means of the "J'heodolite. In the figure, A represents the 



compass-box, and B the card, •which being attached to the 
magnetic needle, moves as it moves, round the agate centre, a, 
on which it is suspended. The circumference of the card is 
usually divided to 15' of a degree, but it is doubtful whether 
an angle can be measured by it even to that degree of accuracy: 
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c is a prism, '\^hich the observer looks through in observing 
with the instrument. The perpendicular thread of the sight- 
vane, E, and the divisions on the card appear together on look- 
ing through the prism, and the division with which the thread 
coincides, when the needle is at rest, is the magnetic azimuth 
of wliatever object the thread may bisect The prism is 
mounted with a hinge-joint, D, by which it can be turned 
over to the side of the compass-box, that being its position 
wlien put into the case. The sight-vane has a fine thread 
or horsehair stretched along its opening, in .the direction of 
its length, which is brought to bisect any object, by turning 
the box round horizontaliyj the vane also turns upon a hinge- 
joint, and can be laid flat upon the box, for the convenience 
• of carriage. F is a mirror, made to slide on or off the sight- 
vane, E 5 and it may be reversed at pleasure, that is, turned 
face downwards ; it can also be inclined at any angle, by 
means of its joiut, d; and it will remain stationary on any 
part of the vane, by the friction of its slides. Its use is to 
reflect the image of an object to tlie eye of the observer when 
the object is much above or below the horizontal plane. 
When the instrument is employed in observing tlie azimuth 
of the sun, a dark glass must be interposed; and the colouied 
glasses represented at G, are intended for that purpose; the 
joint upon uhich they act, allowing them to be turned down 
over the sloping side of the prism-box. 

At tf, is shoun aspring, n Inch being pressed by the finger 
at the time of observation, and then released, checks the 
vibrations of the card, and brings it more speedily to rest. A 
stop is likewise fixed at the other side of the box, by which 
the needle may be thrown off its centre ; wliich should always 
be done when the instrument is not in use, as the constant 
playing of the needle would wear the point upon which it is 
balanced, and upon the fineness of the point, much of the 
accuracy of the instrument depends. A cover is adapted to 
the box, and the whole is packed in a leather case, which may 
be carried in the pocket •witliout incon\ enience. 



'i'lio method of using tlic instrument is very simple. First 
raise the j>rism in its socket h, nntil you obtain distinct vision 
of tlic <li\isions on the earth and standing at tlie place 'where 
the ajiglcs are to he taken, liold the instrument to the eye, and 
looking through the slit, r, turn round till the thread in the 
sight-vane bisects one of the objects whose azimuth, or angu- 
lar distance from any other object is required; then, by 
touching the spring, c, bring the needle to rest, and the divi- 
sion on the card which coincides with the thread on the A'ane, 
will be the azimuth or Bearing of the object from the North or 
.South points of the magnetic meridian. TJien turn to any 
other object and repeat the operation : the difference between 
the Bearing of this object and that of the former, will be the 
angular distance of the objects in question. Suppose the* 
former Bearing to be 40'’ 30' and the latter lO® 15/ both East 
or both West, from the North or South, the angle will be 30'’ 15'. ■ 

The divisions in some arc numbered from 0 to 180° South 
counting Eastward, and thence to 180° North counting West- 
ward, others are numbered 5°, 10°, 15°, &c. round the circle 
to 3G0°, 90° representing East, 180° South, 270° West, and 
360° North. 

Li usimr this instrument the Yariation of the needle must 
always be attended to, for if the fixed points above alluded to 
have been surveyed on the irue meridian of the earth, the 
Variation of the needle (which will be treated of hereafter) 
must be added or deducted to the observed Bearing to obtain 
the true meridional Bearing of the line. 


Of the Surveying Compass. 

The Survejmrg Compass consists of a compass-box, magire- 
tic needle and two plain sights, perpendicular to the meridiair 
line in the box, by which the Bearings of objects are taken 
frorrr one station to another ; it is used for the same pimpose as 
the Prisihatic Compass, for filling in the interior detail of a 
Survey by means of Bearings. 
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The sights are attached in various ways for portahillty, but 
are now generally made to turn down on a hinge, in order 
to lessen the bulk of the instrument and render it more con- 
venient for carriage, the diameter of the box varies from 3^ 
to 4 and 5 inches. Within the box is a graduated circle, the 
■upper surface of which is divided into degrees only, and num- 
bered 10*, 20% 30% &c.,up to 360% Tlie bottom of the box is 
divided into four parts or Quadrants, each subdivided into 90“ 
numbered from the North and South points each way, to 
tlie East and West points. The observer, therefore, has 
nothing to do, but to read off the actual number of degrees 
pointed out by the needle. This instrument is well adapted 
for first instruction to a Native. 

Or THE Circumferentor. 

This instrument is constructed on the same principle as the 
Surveying Compass, as to its needle and divided circle, but 
it possesses the advantages of a graduated limb and vernier 
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wlu'ivby tlif unsfcadincKN of llie needle and tlie difficult}" 
of n.secrfaining with exactness the point at winch it settles is 
obviated. „ 



By the help of tins index. Angles or Bcoi-ings may bo 
taken with much greater accuracy than by the needle alone ; 
and, as an angle may be ascertained by the index with 
or without the needle, it of course removes the difficulties, 
which woiild otherwise arise if the needle should at any time 
happen to bo acted upon or di'awn out of its ordinary position 
by extraneous matter ; there is a clamijing screw beneath, 
not visible in the figure, whereby the index may be fastened 
to the bottom of the box, and a screw, to fix the whole to the 
pm of the ball and socket, so that the body of the instrument 
and the index may be either tmmed round together, or the one 
turned round, and the other fixed, as occasion may require. 

This instrument is frequently made with two extra sights 
on the graduated circle, at the points 360° and 180°, when it 
possesses the same properties as the common Theodolite and 
according as it is graduated, I’cads from 1 to 3 and 5 minutes. 
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On the Plane Table. 

The tabular part of tliis instrument is usually made of two 
well-seasoned boards, forming a parallelogram of about 15 
inches long, and 12 inches broad; tlie size is occasionally 
varied to suit the intentions of the operator. 

Tlie aforesaid parallelogram is framed with a ledge on each 
side to support a box frame, •which frame confines the paper 
on the table, and keeps it dose thereto ; the frame is therefore 
so contrived, that it may be taken off and put on at pleasure, 
either side upwards. Each side of the frame is graduated ; 
one side is usually divided into scales of eq^ual parts, for 
drawing lines parallel or perpendicular to the edges of the 
table, and also for more conveniently shifting the paper ; the 
other face, or side of the frame, is divided into 360®, from 
a brass centre in the middle of the table, in order that angles 
may he measured as with a Theodolite ; on the same face of 
the frame, and on two of the edges, arc graduated 180®; the 
centre of these degrees is exactly in tlie middle between the 
two ends, and about ^th part of the breadth from one of 
the sides. 

A magnetic needle and compass bos, covered with a glass, 
slides in a dovetail on the under side of the table, and is fixed 
there by a finger screw ; it serves to point out the direction, 
and be a check upon the sights. 

There is also a brass index somewhat longer than the 
diagonal of the table, at each end of w'hich a sight is 
fixed; the vertical hair, and the middle of the edge of the 
index, arc in the same plain; this edge is chamfered, and 
is usually called the fiducial edge of the index. Scales of 
different parts in an inch are usually laid dowm on one side 
of the index. 

Under the table is a spring to fit on the pin of the 
ball and socket, by which it is placed upon a three-legged 
stand. 
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To place the paper 07 i the table. Take a sheet of paper that 
•will cover it^ and wet it to make it expand, then spread it flat 
upon the table, pressing down the frame upon the edges to 
stretch it and keep it in a fixed situation ; when the paper is 
dry it will, hj contracting, become smooth and flat. 

To shift the paper on the table, "When the paper on the 
table is full, and there is occasion for more, draw a line in 
any mamier through the farthest point of the last station line, 
to wliich the work can he conveniently laid down ; then take 
off the sheet of paper, and fix another on the table ; draw a 
line upon it in a part most convenient for the rest of the work; 
then fold, or cut the old sheet of paper by the line drawn on 
it ; apply the edge to the line on the new sheet, and, as they 
lie in that position, continue the last station line upon the new 
paper, j>lacing upon it the rest of the measiu’es, beginning 
where the old sheet left off, and so on from sheet to sheet. 
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To fasten all the sheets of paper togetlier, and thus form 
one rough plan, join the aforesaid lines accurately together, in 
the same manner as when the lines where transferred from the 
old sheets to the new one. But if the joining lines upon the 
old and new sheets have not the same inclination to the side 
of the table, the needle will not point to the original degree 
when the table is rectified. If the needle therefore should 
respect the same degree of the compass, the easiest way of 
drawing the line in the same position is to draw them both 
parallel to the same sides of the table, by means of the scales 
of equal parts on the two sides. 

To use the table. Fix it at a convenient part of the ground, and 
make a point on the paper to represent that part of the ground. 

Run a fine steel pin or needle through tliis point into the 
table, against which you must apply the fiducial edge of the 
index, moving it round till you perceive some remarkable 
object, or mark set up for that purpose. Then draw a line 
from the station point, along the fiducial edge of the index. 

Now set the sights to another mark, or object, and draw 
that station line, and so proceed till you have obtained as 
many angular lines as are necessary from this station. 

The next requisite, is the measure or distance*from the 
station to as many objects as may be necessary by the chain, 
talcing at the same time the offsets to the required corners or 
crooked parts of the hedges, setting off all the measures upon 

their respective Imes upeu the tahfev 

Now remove the table to some other station, whose distance 
from the foregoing was previously measured ; then lay doAvn 
the objects which appear from thence, and continue these 
operations till your work is finished, measuring such lines as 
are necessary, and determining as many as you can by inter- 
secting lines of direction, drawn from different stations. 
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])osition lie nutst assume in order to look through the teles- 
cope Avhcn cither of the other cyc-pieces is applied. A small 
cap containing a dark coloured glass is made to apply to the 
cyc-end of the telescope, to screen the eye of the ohserver from 
the intensity of the sun's rays, -when tliatis the object under 
observation. A magnifying glass moimtcd in a horn frame, a 
screu’-dri\’ci’, and a pin to turn the capstan-screws for the 
adjustments, arc also I’urnished with the instriunent. 

The Adjustments. 

Tjie first adjustment is that of the line of coUhnation; that 
is, to make the intersection of the cross wires coincide with the 
axis of the cylindrical rings on which the telescope turns : it 
is known to he correct, when an eye, looking through the 
telescope, observes their intersection continue on the same point 
of a distant object during an entire revolution of the telescope. 
The usual method of making this adjustment is as follows: 

First, make the centre of the horizontal wire coincide with 
some well defined pai't of a distant object j then tiu’u the teles- 
cope half round in its Y’s till J;he level lies above it, and 
observe if the same point is agaui cut by the centre of the 
wire; if not, move the wire one-half the quantity of deviation, 
by titrning two of the screws at 77?,(releasmg one, before tight- 
ening the other,) and correct the other half by elevating or 
depressing the telescope; now if the comcidence of the wire 
and object remains perfect in both positions of the telescope, 
the line of collimation in altitude or depression is correct, but 
if not, the operation must be repeated carefully, untilthe adjust- 
ment is satisfactory. A similar proceeding willalso put the 
vertical line correct, or rather', the point of intersection, 
when there are two oblique lines instead of a vertical one. 

The second adjustment is that wliich puts the level attached 
to the telescope parallel to the rectified line of collimation. 
The clips, z, i, being open, and the vertical arc clamped, bring 
the air-bubble of the level to the centre of its glass tube, by 



125 


tuming the tangent-sciw, P; which done^ reverse the telescope 
in its Ps, that is, turn it end for end, wliich must be done 
carefoUj, that it may not disturb the vortical arc, and if the 
bubble resume its, former situation in the middle of the tube, 
all is right; but if it retires to one end; bring it back one- 
half, hy the screw, wliich elevates or depresses that end 
of the level, and the other half by. the tangent-screw, P : this 
process must he repeated until the adjustment is perfect; but 
to make it completely so, the level should be adjusted laterally 
that it may remain in the middle of the tube when inclined a 
little on either side from its usual position immediately under 
the telescope, which is effected by giving the level such an 
inclination, and if necessary turning the two lateral screws at 
g ; if ranking the latter adjustment should derange the former, 
the whole operation must be carefully repeated. 

The third adjustment is that which makes the azimuthal 
axis, or axis of the horizontal limb, truly vertical. 

Set the instrument as nearly level as can be done by the 
eye, fasten the centre of the lower horizontal limb by the 
staff-head clamp, H, leaving the upper limb at liberty, but 
move it till the telescope is over two of the parallel plate- 
screws ; then bring the bubble of the level under the telescope, 
to tlie middle of the tube, by the screw P; now turn the upper 
limb half round, that is 180®, from its former position; then, 
if the bubble return to the middle, the limb is horizontal in 
that direction ; hut if otherwise, half tho difference must be 
corrected by the parallel plate-screws over which the telescope 
lies, and half, by elevating or depressing the telescope, by 
turning the tangent-screw of the vertical arc; having done 
which, it only remains to turn the upper limb forward or back- 
ward 90®, that the telescope may lie over the other two 
parallel plate-screws, and by their 'motion set it horizontal. 
Having now le\ died the limh-plates by means of tho telescope 
level, which is the most sensible upon the instrument, the other 
air-bubbles fixed upon the ■\*emier plate, maybe brought to the 
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itiicldlc of llicir luhcs, hy jnercly giving molion lo tlic screws 
wliidi raslcn llicin in t1»eir jdaccs. 


The vernier of flic verfieal arc inaj’ now be attended to; it 
is correct, if il jioints to zero wiicn all the foregoing adjust- 
nionls are perfect ; and any dc^dation in it is easily rectified, by 


releasing tlie screws by which it is held, and liglitening them 
again after liaving made the adjustment: or, wliat is perhaps 
bettor, note the quantity of deviation as an index error, and 
aj)ply if, })lus or minus, to cacli vertical angle observed. This 
deviation is best determined b}-- repeating the observation of 
an altitude or depression in the reversed positions, both of the 
tclesco])c and the vernier plate: the two readings inll have 
equal and opposite errors, one-half of their difference being 
the index error. Such a method of observing angles is 
decidcdl}’- the best, since the mean of any equal number of 
observations taken witli the telescope reversed m its Y’s, must 
be free from tlic effects of any error that may exist in the 
adjustment of the vernier, or zero of altitude. 

The Theodolite, as constructed in the manner ^ye have 
described, is not inconveniently heavy, as the diameter of the 
horizontal limb seldom exceeds five inches; but when the 


cUameter is increased, the other parts must be made pro- 
portionably large and strong, and tbe instrument becomes 
too weighty and cumbersome to be easily canded fi-om station 
to station. The object of increasuig the dimensions, is to ena- 
ble tlie instrument to furnish more accurate results, by applj^- 
ing a telescope of greater power, and by a more minute sub- 
division of tbe graduated arcs. With the increase of size, a 
small variation takes place in the construction, principally 
consisting in the addition of a- second telescope, and in the 
maimer of attacliing the supports, K and L, to the horizontal 
limb, to afford the means of adjusting the horizontal 
axis, and of course, making the telescope and vertical arc 
move in a vertical plane. Li the smaller instruments this is 
done hy construction, but in the larger ones, the supports, K 
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and h, are attached to a stout frame, which also canies the 
compass bo-s:, instead of being fixed, as represented in our 
figure, to the upper liorizontal plate. Tlie frame is attached 
to the limb by three capstan-headed screws, forming an equi- 
'lateral triangle, two of them lying parallel to the horizontal 
axis, and the third in the direction of the telescope; the ad- 
justment is made by means of these screws. To prove its 
accuracy, set up the Theodolite in such a situation that some 
conspicuous point of an elevated building may he seen through 
the telescope, both directly and by reflection, from a basin of 
water, or, what is better, of oU or quicksilver. Let the 
instrument he very correctly levelled, and if, when a vertical 
motion is given to the telescope, the cross wires do not cut the 
object seen, bbth directly and by reflection, it is a proof that 
the axis is not horizontal ; and its correction is effected by 
giving motion to the screws above spoken of, which are at right 
angles to the telescope, or in tiie direction of the horizontal 
axis; or a long plumb-lino may bo suspended, and if the cross 
wires of the telescope, when it is elevated and depressed, pass 
exactly along the line, it will be a proof of tho horizontality of 
the axis. Tlie third screw, or that which is under the teles- 
cope, serves for adjusting the zero of altitude, or vernier of 
the vertical arc. 

A second telescope is sometimes attached to tho instrument 
beneath the horizontal limb; it admits of being moved, both 
in a ver'nca’i ani horizontal plane, anct has a tangent-screw 
attached for slow motion: its use is to detect any accidental 
derangement that may occur to the instrument wliilst observ- 
ing, which may bo done by it in the following manner. After 
levelling tho instrument, bisect some ^ ery remote object with 
the cross wires of this second telescope, and clamp it firm; if 
the instrument is steady, the bisection will remain permanent 
w liilst any number of angles are measm-ed, and by examining 
the bisection from time to time, during the operation at the 
place where the instrument is set up, any error arising from 
this cause may be detected and lectified. 
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J laving given a description of llic common TJieoclolito, 
we now ]>rocee(l to notice a very superior instnimcnt, de- 
signed hy Lienteiiant Colonel Kvcrcsg Bengal Artillery, 
the lute Snrve3‘or (t(>neral of India, and manufactured by 
the celebrated makers, 'JVougbton and Simms, generally 
known by the distinction of “ ICvercst’s Paltenr' and wbicli is 
nniversall}’' sought after by Snrvcj-ors of the present day. 
'Idle doscriptiftn of this instrument is given in “ Simms’ 
Treatise on Mathematical Instruments,” whicli book ought to 
be in the liamls of evciy Surveyor, but knowing from experience 
the dinicidt}* of obtaining works of reference, in tlie more 
distant parts of India, wc have not hesitated in this, as well 
as in other instances, to borrow liberally from the work. TJiesc 
instruments are of the most 2)crfect construction and so admir- 
ably adapted foi’ the purposes of the Revenue Survey, that too 
much praise cannot be bestowed on tlic makers ; in principle 
the}'' are similar to TJieodolitcs of much larger dimensions, and 
consequently" their essential adjustments arc made in the 
same manner. 

The following figure represents an instrument of this kind: 




129 


The hoiizontal circle, or hmb, A of this instrument consists 
of one plate only, which, as usual, is giaduated nt its circum- 
ference The index is formed with four radiating bars, c, 
d, having verniers at the extremities of three of them marked 
A, B and 0, for reading the horizontal angles, and the fourth 
cames a clamp, e, to fasten the indev to the edge of the horizon- 
tal linib, and a tangent-screw,^ for slow motion These are 
connected with the upper works which carry the telescope, 
and tiirmng upon the same centre, show any angle through 
wluch the telescope has been moved The instrument has also 
the power of repeatmg the measurement of an angle , for the 
horizontal limb being firmly fixed to a centie, movable within 
the tnpod support, R, and governed by a clomp and tangent- 
screw , 5, can be moved witli the same delicacy, and secured 
with as much firmness, as tlie index abo\ e it 

The tripod support, which forms the stand of the instru- 
ment, has a foot screw at each extremity of the arms which 
form the tripod , the heads of the foot-^crew s are turned down- 
wards, and have a flange (or shoulder) upon them, so that 
when they rest upon a triangular plate fixed upon the staff- 
head, another plate locks over the flange, and being acted upon 
by a spring, retains the whole instrument firmly upon the top 
of the staff The advantage of the tryiod stand is, tliat it can 
easily be disengaged from the top of the staff, and placed upon 
a parapet or other support, in situations where the staff 
cannot be used 

Tliere is another kind of stand much preferable to the 
one usually furnished with Instruments and now in general 
use on the Revenue Snrvejs, it cohsists of a wooden 
triangular frame, on which is fixed the brass tripod of the 
Theodolite , the legs are attached to tlus frame by means of 
a brass bolt passing through tho frame and head of the legs, 
w ith a screw and nut at each end, winch ser\ es to tighten oi 
loosen the legs at pleasure, the other end of the legs being 
furnished with an non spike The stands are not perhaps 

s 
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cope, and conseqnently the graduated arcs, may have, when an 
observation is made, the mean of the two readings will denote 
the elevation or depression of the object observed, from the 
horizontal plane. On the upper part of the telescope is fixed 
a narrow box, containing a magnetic needle, for observing the 
Bearings of objects. 

The following are the adjustments of this instrument; First: 
to set the instrument level : to accomplish this, bring the spirit- 
bubble, Gi, attached to the horizontal bar in a direction paral- 
lel to two of tbe foot-screws, and by their motion cause the 
air-bubble to assume a central position in the glass tube ; then 
turn the telescope, level, &c. lialf round, and if the bubble 
is not central, correct half the deviation by raising or 
lowering one end of the level itself, and the otlier half by 
the foot-screws, which in tins instrument perform an office 
similar to that of the parallel plate^crews of the Theodolite 
already described. 

Having perfected this part, turn tbe telescope a quarter 
round, and the level will be over the third foot^screw, which 
must be moved to set the level correct, and this part of the 
adjustment will be complete. 

Tlie lino of colHmation must be next attended to : direct the 
telescope to some well-defined object, and make the vertical 
wire bisect it; then turn the axis end for end, an operation 
which of course inverts the telescope, and if the object 
be not now bisected by the vertical wire, correct half the 
deviation by the collimating screws at the eye-end of the teles- 
cope, and the other half by giving motion in azimuth to the 
instrument, and this must be repeated till the adjustment is 
satisfactorily accomplislied. 

Finally, for the zero of altitude. Take the altitude or depres- 
sion of an object with the vertical sector in reversed positions ; 
half the sum will be its true altitude, or depression, and to this, 
let the verniers be set Again carefully direct the telescope to 
the object, making the bisection by the scre^ s which retain the 
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index in a horizontal position, and finally correct the level 
hy the adjusting screws at one of its ends. 


The Method of observijsTG with the Theodolite. 

To level the msti'ument — The instrument being placed 
exactly over the station from whence the angles are to be 
taken, by means of the plumb-line suspended from its centre, 
it must be set level by the foot-screws Q, Q, Q. Thus; 
place the level G, in a direction parallel to two of the 
foot-screws, when the end of the level K, will fall over 
the tliird foot-screw ; by the motion of the foot-screws 
under the level G, turn them both inwards or both out- 
wards, according as you want the bubble to go to the 
right or left, until it becomes stationary in the middle: 
then proceed to the third foot-screw, and turn it to the right or 
left, until the bubble in the level K, also becomes stationary in 
the middle. In performing this last operation, the level G, 
will be perhaps thrown out, which must be again levelled, 
and another examination made of tlie level K. When both ’ 
bubbles remain stationary in the middle, the instrument is 
ready for observation. 

To olserve an angle. — By means of the clamp, e, and 
tangent-screw, f, set the vernier marked A to 360°; then turn 
the limb round, and with the lower clamp and tangent-screw, 

fix the cross-wires in the telescope on any object. Then 
loosen the upper clamp, e, and tmm the upper limb round, 
fixing the cross-wires by the same clamp and tangent-screw on 
any other object ; the angle subtended can be then read otf on 
the instrmnent. 

Another method. — Clamp the lower horizontal limb fiimly 
in any position, and direct the telescope to one of the objects 
to be observed, moving it till the cross-wires and object coincide; 
then clamp the upper limb, and by its tangent-screw make the 
intersection of the wares nicely bisect the object ; now read off 
the two verniers, the degrees, minutes, and seconds of (either) 
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one, wliidi call A, and the mmutes and seconds only of the 
other, winch call B, and take tlle mean of the readings thus — 
A = 142“ 3G' 30" 

B= „ 37 0 


Mean = 142 36 45 

Next release tlie upper plate, and move it round until the teles- 
cope IS directed to the second object (whose angular distance 
from the first is required,) and clampmg it, make the cross- 
wires bisect this object, as was done by the first, agam read 
off the two verniers, and the difference between their mean, 
and the mean of the first reading, will be the angle required 

To repeat an angle — Leave tlie upper plate clamped to the 
lower, and release the clamp of the latter, now mo^e the whole 
instrument (bodily) round towards the first object, till the cross- 
wires are in contact with it, then clamp the lower plate firm, 
and make the bisection with the lower tangent-screw Leav- 
ing It thus, release the upper plate, and turn the telescope to- 
wards tho second object, and agam bisect it by the clamp and 
slow motion of the upper plate This will complete one repe- 
tition, and if read ofi^, the difference between this and tho first 
reading will be double the real angle It is, however, best to 
repeat an angle four or fi\ e times , then the difference between 
the first and last readings (which are all that it is necessary to x 
note) diiided by the number of repetitions will be the angle 
required 

The magnetic Bearing of an object is taken, by simply read- 
ing the angle pointed out by the compass-needle, when the 
object IS bisected, but it may be obtamed a little more accu-^ 
rately by moving the uppei plate (the low er one being clamped) 
till the needle roads zero, at the same time reading off the 
lionzontal hmb , then turning the upper plate about, bisect 
the object and read agam, the difference between this reading 
and tho former will he the bearing required 
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In taking angles of elevation or depr.ession^ it is scarcely 
necessary to add, that the object must be bisected by the hori- 
zontal wire, or rather by the intersection of the wires and that 
after observing the angle with the telescope in its natural posi- 
tion, it should be repeated with the telescope turned half 
round in its Y’s, that is, -witli the level uppermost ; the mean 
of the two measures will neutralize the effect of any error 
tliat may exist in the line of collimation. 

The altitude and azimuth of a celestial object may like- 
wise be observed with the Theodolite, the former being 
merely the elevation of the object taken upon the vertical 
arcj and the latter, its horizontal angular distance from the 
meridian. 

We here suggest a few hints on the use of these delicate 
instruments. 

1st. They must not be handled roughly. In taking them in 
and out of the box, it should be done with the greatest care, 
not knocking them against the sides of the box or forcing them 
into their positions within it ; the boxes are so constructed, 
that the instrument fits exactly into its own place, and unless it 
settles down of itself, forcing it will tlu’ow the instrument out 
of adjustment. 

2nd. Never permit a Native Surveyor to apply oil to any 
part of the instrument, under the idea that it will work easier ; 
a new instrument will perhaps work stiff at first, but a very 
few days’ use will rectify it, tlie application of oil is notliing but 
a resting place for dust that is always flying about in the field ; 
this dust works up into the various screws, wears them, and 
at the end of six months the instrument requires repair, or is 
next to useless ; if oil is necessary, it should be applied by the 
Assistant, and then wiped off as dry as possible. 

3rd. Always tlmow the needle off its centre by the stop fixed 
on one side of the box, when the instrument is not in use, as 
the constant playing of the needle wears the pivot upon which 
it is balanced, and on the fineness of this point depends the ac- 



135 


curacy of the Bearing. Tins is equally applicable to the 
Prismatic Compass and Circumferentor. 

4th. Always wipe the dust off the insti'umeut on commenc- 
ing and finishing a day’s work, with a camel hair brush, as this 
will tend to prevent any accumulation of dirt about it: a 
Surveyor should partly be judged of by the state of his 
instrument 

5th. When once the variation of the needle is ascertained, 
never remove the box from off the telescope, for unless it is 
screwed on again, in the exact position it originally was, the 
variation of the needle will alter. 

6th. On the care a Surveyor takes of his Theodolite, 
depends mucli of the accuracy of his work; if he neglects 
and is careless about the former, he will one day have to lament 
over the accumulated eiTors of tlie latter. 

7th. Native agency being employed to a very great extent 
in the Revenue Surveys, the strict<»t surveillance is necessary 
on the part of Assistants to guard against the great negligence 
in this respect generally prevalent amongst Native Surveyors. 
It is the duty also of the Revenue Surveyor to examine and 
personally satisfy himself, that his instruments are in efficient 
working order. 



CHAPTER IV. 


The Box or Pocket Sextant. 

The Pocket Sextant combines numerous valuable properties: 
it measures an angle to one minute of a degree, recjuires no 
support but the hand, may be used on horseback, maintains its 
adjustment long, and is easily re-adjusted when put out of 
order. It will determine the latitude by a meridian altitude 
to one minute ; and an approximation may even be made with 
it to the longitude, by means of lunar observations. Further, 
it is very portable, forming when shut up, a circular box 
under 3 inches in diameter, and only inches deep. 


c 
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The figure in the adjoining page represents tlie instrument 
screwed to its bos, for convenience of lidding in the hand and 
with the telescope draw’n out A is the index arm, having a 
vernier adjusted to the graduated arc B, w'hich latter is num- 
bered to 140% but the sextant will not measure an angle greater 
than about 125®. The index is moved by the milled head C, 
acting upon a rack' and pinion in the interior. Two mirrors are 
placed inside j the large one, or index mirror, is fixed to, and 
moves with, the index ; the other, called the horizon glass, is 
only half-silvered. The proper adjustment of the instrument 
depends on these glasses being parallel, when the index is at 
zei-o — while they are, at the same time, perpendicular to what 
is termed tlie plane of the instrument, represented by its upper 
surface or face. To observe whether the instrument is in 
perfect adjustment, remove the telescope by pulling it out, and 
supply its place with a slide for the purpose, in wdiich is a 
small hole to look through: then place the index accurately at 
zero, and direct the instrument, holding it horizontally, towards 
the sharp angle of a building, not less than half a mile distant, 
applying the eye so as to see both through the hole in tlie 
slide, and also through the unsUvered part of tlie horizon 
glass ; the same object ought then to be so reflected, from the 
index mirror to the silvered part of the horizon glass, as to 
seem but one with the object seen direct ; if such is not the 
case, a correction becomes necessary, which is thus performed : 
D is a key, removable at pleasure, that fits ,two keyholes, 
the one at n, the other at h. Apjdy this key at «, and gently 
turn, until the reflected object, and the one seen direct, seem 
but as one. The glasses are then paralleL 
Tlie next point is to examine whether the horizon glass is 
perpendicular to the plane of the instrument. For this 
purpose, hold the sextant horizontally, and look at the distant 
horizon ; then, if any adjustment is wanted, two horizons will 
appear, or the reflected one will be higher or lower than the 
one seen direct ; should this be the case, apply the key at 5, so 

T 
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ns to Li'ing Uie two Iiori;^ons together. It must be observed 
lhat-the large or index mirror being correct by constmetion, 
i( can want no alfcration. 

-By looking at the sun, ve can always satisfy ourselves with 
respect to the adjustments; tlic telescope has a dark glass at 
the eye end, and with this on, we have only to place the index 
at zero, and using the telescope, to look at the sun — when, 
jirovidcd the instrument is in exact adjustment, one perfect 
orb only will be seen. If the reflected image projects beyond 
the other, then correction is necessar}*. The full moon will 
answer as well as the sun for this purpose ; but the dark glass 
at the eje end of the tclescoj^e must then be removed. The 
instrument is provided with two other dark glasses, which 
sink out of the way by raising two little levers citf. 

It has bccn.mcntioned above, that for trying the adjustments 
of the sextant, an object must be half a mile olF; this is on 
account of what is called the parallax of the instrument, oc- 
casioned by the necessity of placing the eye of the observer on 
one side of the index miiTor. Could we look from the middle 
of it, there would be no parallax ; which is the angle subtended 
by the point of vision, and centre of the index glass, when 
observing any near object: consequently, as the distance of an 
object is increased, this angle diminishes, and at length, 
becomes as nothing when compared with it. Half a mile is 
considered sufficient for all error to vanish, but at half that 
distance, it is scarcely perceptible. 

. To take an angle, the observer looks either tlmough the 
telescope, or hole in the slide (having pre^dously raised the 
levers of the dark glasses at f), at the left hand object, hold- 
ing the sextant horizontally in his left hand; with his right, 
he tons the milled head 0, until* the other object, reflected 
from the index glass, appears upon the silvered part of the 
horizon glass, exactly covering or agreeing with the left hand 
object, seen direct through the unsilvere.d portion of the horizon 
glass: the angle is then obtained by the vernier to one minute. 
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If the req^wircd angle be a vertical one, the sextant is held 
in a vertical position, by tlie right hand, while the left turns 
the milled head 0, until the object is brought down to the 
horizon. 

When the altitude of a celestial body is taken at sea, it is 
brought down, as the term is, to tlie natural horizon, and the 
measure of the angle, or height of the object, is read off upon 
the gi’aduated arc : but on land, the natural horizon can seldom 
be used, on account of its irregularity; recourse is then had to, 
what is called, an artificial horizon, (page 151) such as a vessel 
containing water, merciwy or other fluid. The observer then 
places himself in a situation, to see the reflected image of the 
sun, or other body, in the fluid : he has only then to bring doAvn 
the image/ as reflected from the index glass, until it reaches its 
reflection in the fluid: the altitude will then be half tlie num- 
ber of degrees, indicated by the graduated arc, subject to 
certain corrections, not necessary to bo explained here. 

The height and distance of objects, as walls or buildings, 
whether accessible or otherwise, may be obtained in a very 
simple and expeditious manner with the sextant, by means of 
the little table belo^s' : — 


Multiplier. 

Angle. 

Angle.. 

Divisor. 

1 

45® 

Off ... 

.. 45° 

00' ., 

1 

2 

63 

20 ... 

26 

34 . 

2 

3 

11 

34 .. 

.. 18 

26 . 

3 

4 

75 

58 .. 

.. 14 

02 . 

4 

5 

78 

41 .. 

.. 11 

19 . 

5 

0 

80 

32 .. 

.. 9 

28 . 

6 

8 

82 

52 .. 

.. 7 

08 , 

8 

10 

84 

17 .. 

5 

43 . 

10 

Make a mark 

upon tlie object, if accessible. 

equal to the 


height of your eye from the ground. Set the index to one of 
the angles in the table, and retire on level groimd, until tlie 
top is brought by the glasses to coincide with the mark; then, 
if the angle be greater than 45“, multiply »' '* > ' 



Vin 

I'ftriT.'pnndinii fipirc fa flic nn^lc in flic faltle; if it Ijo Jess, 
<Jivi(lt‘— and tlio prodiiff, (>r rjuafienf, ^vill l>e llio lieiirJit of iJie 
oJijeei above tlio mark. 'J’luis, Jet 1CI5 lie ii wall, wliosc 
lioiLdit ^ve Avanf to kmnv; and 2G“ .'31' tlic 
j\Iakt' a mark at 1) ofjnaJ to fJic 
lieioJif of tlic fje; fJion stop J)atdc 
from tlie wall, until tJic top at E 
is l)roriglit down iJic gJasses to , 
coincide witli tJie mark: measure 

_ ___ 

tlic distance AB, iiainelv, from ^ 
your station to tJic waJJ, and divide tJiat distance Jjy 2, tJie 
tiguro corresponding to 2G° .'l-l', tJiis wiJJ give tJic Jiciglit DE, 
to wJiicJi BD must Jje added. 

TJic ;;n7Y////w of iJic instrument exerts an influence on mea- 
surements of tJiis Jcind, from iJie oJjijcct being near. To coi- 
3 ’cct it, wo Iiavc Old}" to ascertain its amount, J)}’- pJacing tJin 
index at zero, and looking tJirougJi tlic instrument at tlie top 
of tJic wall ; when, if influenced by parallax, it will appear as 
a broken line ; but by moving the index a little way on the 
ore of C.VCCSS, or to the left of zero, the broken line will reunite, 
and the adjustment be effected. AYlien any quantity is taken 
thus on the arc o£ excess, the amount must be deducted, when 
setting the instrument to any of the tabular angles. 

’\'\nien the object is inaccessible — set the index to the great- 
est of the cliAusor angles in the table, that the least distance 
from the object will admit of, and advance or recede, till the 
top of it is brought down by the sextant to a level -with the 
eye : at this place, set up a staff, equal to the height of the 
eye. Then set the index to one of the lesser angles, and retire 
in a line from the object, till the top is brought to coincide 
with the staff, set up to indicate the height of the ej’-e ; place a 
mark here, and measme the distance between the two marks; 
this, divided by the difference of the figures opposite the angles 
used, will give the height of the object above the height of the 
eye or mark. For the distance, multiply the height of tlie 
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olyect Tby tlie munl)ers against eitlierof the angles made nse oF, 
and the product will he the distance of the object from tlie 
place >Yherc such angle was used. 

The above will bo understood better by moans of a diagram. 
Let AB be a wall, not to be approached nearer than C; and 
that we find, upon trial, that tliis distance admits of our using 
the angle 45®; assume a point E on the wall, os the height of 
the eye ; then the index being set to 45®, fix yourself so that 
the glasses shall bring the top A to coincide with E. At this 



for instance, and retire imtil the point A agrees uith 
the top of the staff CG, wliicli occurs at F. Place a 
mark at F, and measure the distance from F to G ; wliicli, 
divided by 2, the difference of the numbers opposite to 
the angles used, will give AE — to which add BE = CG, the 
height of the eye, and the total lieiglit AB is obtained Then, 
for the distance — the height AE, multiplied by 3, its corres- 
ponding figure, ^rill give the length PE: and AE multiplied 
by 1, vill, in like manner, ^ve GB = AE in this instance. 

Horizontal distances, as well as heights, ma3' be ascertained 
by means of the table, where the ground is level. Tims sup- 
IK)se, wo wish to measure tlie breadth of a river, denoted by tlie 
lino AB: set the index to an angle of the table; place a mark 
at B, and proceed in a direction G, at right angles to AB, until 
the glasses of the instrument shew A and B in contact : then 
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■vyill tlie distance AB be a product or quotient of the base 
BO, according to the angle used.' For instance^ if tlie angle 
26° 34' be used^ then must the distance BO be divided by 2. 

The method of determining heights and distances by the 
small table^ is valuable, as the operations are speedily per- 
formed, and ndth tolerable accuracy; ■while it enables us to 
dispense with logarithmic tables and trigonometry. 

Tlie pocket sextant is very 'useful "when talcing offsets ; set 
the index to 90°, and wallc along the station line ; then, when 
you wish to ascertain at what point any mark or object 
becomes perpendicular to the station line, you have only to 
look tlirough the sextant at the left hand object, and move 
forward or backward imtil the two objects, namely, the offset 
mark, and that on your station line, are brought to coincide. 
Or, if you wish to lay off a line at right angles to another, 
send your assistant -with a staff in the required direction, and 
ha-ving set the index at 90°, cause hun to move right or left 
until liis staff and yoiu' other mark are made to agree. 


On the Sextant. 

The sextant is an instrument for determining the angles of 
elevation of objects, or the altitudes of celestial bodies. To a 
Sm'veyor who generally has only Theodolites of small dimen-^ 
sions,itis most useful for determining his latitude or longitude. 
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Tlie principle of its construction may be gathered from the 
following demonstration : 

Let ABC represent a Sextant, Iiav- •t* ^ 

ing an index, AC, (to which is attached 
a mirror at A) movable about A as a 
centre, and denoting the angle it lias h 
moved througli, on the arc, BC ; also 
let the half-silvered (or horizon) glass, 
a h, he fixed parallel to AC; now a 
ray of light, SA, from a celestial ob- 
S, impinging against the mirror, 

./^s reflected off at an equal angle, and 
striking the half-silvered glass at D, is again reflected to E, 
where tlie eye likewise receives tlirough the transparent part 
of that glass a direct ray from the horizon. Then the altitude, 
SAH, is equal to double the angle, CAG-, measured upon 
the limb, BC, of tlie instrument 
For the reflected angle, BAG (or DAF) *= the incident 
angle, SAI, and the reflected angle, JPE =* tlie incident 
uDA *= DAE =« DEA, because a b is parallel to AO. Now, 
IIAI •== DFA = (FAE + FEA), and DAE, being equal to 
DEA, it follows that HAI =- (DAE + FAE). From HAI 
and (DAE FAE) take the equal angles, SAI and DAF, 
and there remains SAH *= 2 FAE, or 2 GAO ; or, in other 
words, the angle of elevation, SAH, is equal to double the 
angle of inch’nation of the tAvo mirrors, DGA, being equal 
to GAO. 

Hence the arc on the limb, BC, although only the sixth 
part of a circle, is divided as if it were 120“, on account of its 
double being required as the measure of CAB, and it is gene- 
i*ally extended to 140°. 

The annexed figure represents a sextant of Tkougiiton's 
construction, having a double frame, AA, connected by pillars, 
ft a, &C. thus uniting strcngtli w’ith lightness. Tlie arc, BO, is 
generally graduated to 10' of a degree, commencing near the 
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end, Chanel it is iiuml)ered towards B. The divisions are also 
continued on the otlier side of zero, towards 0, forming what 
is called the arc of excess, which is useful in detennining the 
index error of the instrument, as will be explained hereafter. 
The limb is subdivided by tlie vernier, E, into 10", the half of 
wliich (or 5") can be easily estimated: this small quantity is 
easily distinguishable by the aid of the miscroscope, H, and its 
reflector, h, which are comiected by an arm with the index, IE, 
at the point, c, round which it turns as a centre, affording the 
means of examining the whole vernier, the connecting arm 
being long enough to allow the microscope to jiass over .Ac 
■whole length of it. 



To the index Is nttnclied a clamp to fasten it to the liinb.airl 
a tangent screw, .T, (in the jdate, the chunj) is concealed froju 
view) by which the index may be movc<l any f inal! quantify* 
after it is c!ain])cd, to render the contact r>f the objeets f>b '^-rv- 
ed more perfect than can be dune by moving it v.ith the 
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alone. The upper end, I, terminates in a circle, across which 
is fixed tlie silvered-index glass, F, over the centre of motion, 
and perpendicular to the plane of the instrvunent. To the 
frame at G- is attached a second glass, called the horizon-glass, 
the lower half of which only is silvered; this must likewise be 
perpendicular to the piano of the instrument, and in such a 
position that its plane shall be parallel to the plane of the 
index-glass, F, when the vernier is set to 0° (or zero) on the 
limb, BO. A deviation from tins position constitutes the index 
error before spoken of. 

The telescope is carried by a ring, L, attaclied to a stem, e, 
called the up-and-down piece, which can he raised or lowered 
by turning the milled screw, M: its use is to place tlie telescope 
so that the field of view may be bisected by the line on the 
horizon-glass that separates the silvered from the unsilvered 
part. This is important, as it renders the object seen by re- 
flection, and that by direct vision equally bright ; two teles- 
copes and a plain tube, all adapted to the ring, L, are packed 
witli tlie sextant, one showing the objects erect, and tlie other 
inverting them; the last has a greater magnifying power, show- 
ing the* contact of the images much better. The adjustment for 
distinct vision is obtained by sliding the tube at the eye-end of 
the telescope in the inside of the other; tliis also is the means 
of adapting the focus to suit difierent eyes. In the inverting 
telescope arc placed two wires, parallel to each otlier, and in 
the middle of the space between them the observations are to 
be made, the wires being fiist brought parallel to the plane of 
tlic sextant, which may be judged of with sufficient exactness 
by the eye. Wlien observing with tills telescope, it must bo 
borne in mind, that the instrument must be moved in a contrary 
direction to that which the object appears to take, in order to 
keep it in the field of view'. 

Four dark glasses, of different depths of shade and colour, 
arc placed at K, between the index and horizon glasses ; also 

u 



llirce more ai N, any one or more of wliicli can be tinned 
down to moderate tlic intensity of tlic light, before reacliing 
the eye, wlien a very Inminons object (as the sim) is observed. 
The same purpose is effected by fixing a dark glass to the eye- 
end of the telescope: one or more dark glasses for this pm'pose 
generally accompany the instrument. They lioivever are 
chiefly used when the sun’s altitude is observed with an artifi- 
cial horizon, or for ascertaining the index error, as employing 
the shades attached to the instrument for such purposes, would 
involve in the result, any error which tliey might possess. 
Tlic liandlc, which is shewn at O, is fixed at the back of the 
instrument The hole in the middle is for fixing it to a 
stand, which is usefid when an observer is desirous of great 
steadiness. 

Of the Adjustments. 

The requisite adjustments ai’e the folio-wing : the index and 
horizon-glasses must be perpendicular to the plane of the in- 
strument, and their planes parallel to each other when the index 
division of the vernier is at 0® on the ai*c, and the ojitical axis 
of the telescope must be pai'allel to the plane of the instiaunent. 
We shall speak sepai'ately of each of these adjustments. 

To examine the Adjustment of the Index-glass. 

Move the index forward to about the middle of the limb, 
then, holding the instrument horizontally with the divided 
limb from the observer, and the index-glass to the eye, look 
obliquely down the glass, so as to see the circular arc, by 
direct view and by reflection, in the glass at the same time ; 
and if they appear as one continued arc of a circle, the index- 
glass is in adjustment. If it requires correcting, the arc will 
appear broken where the reflected and direct parts of the hmb 
meet. This in a well made instrument is seldom the case, 
unless the sextant has, been exposed to rough treatment. As 
the glass is in the first instance set right by the maker, and 
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finnly fixed in its place, its position is not liable to alter, there* 
fore no direct means are supplied for its adjustment. 

To examine the Iwrizon-glasSy and set it perpendietdar to the 
Plane of the Sextant, 

The position of this glass is known to bo right, when bj a 
sweep with the index, the reflected image of any object passes 
exactly over or covers its image as seen directly; and any 
error is easily rectified by turning the small screw, iy at the 
lower end of the frame of the glass. 

To examine the Parallelism of the Planes of the two Glasses, 
when the Index is set to Zero. 

This is easily ascertained; for, after setting the zero on the 
index to zero on the limb, if you direct your view to some 
object, the sun for instance, you will see that the two images 
(one seen by direct vision through the unsilvered part of the 
horizon-glass, and the otlier reflected from the silvered part) 
coincide or appear as one, if the glasses are correctly parallel 
to each other; hut if the two images do not coincide, tho 
quantity of their deviation constitutes what is called the index 
error. The effect of this error on an angle measured by tho 
instrument is exactly equal to tlic error itself : therefore, in 
modem instruments, there are seldom any means applied for 
its correction, it being considered preferable to determine its 
tcmtmTrt. previtras in observing, or rmme^diiiely tefter, and apply 
it with its proper sign to each observation. The amoimt of 
the index error may be found in the following manner : clamp 
the index at about 30 minutes to the left of zero, and looking 
towards the sun, the two images will appear either nearly in 
contact or overlapping each other; then perfect the contact, by 
moving the tangent-scrcw, and call the minutes and seconds 
denoted by the vernier, the reading on the arc. Next place 
the index about the same quantity to the right of zero, or on 
the arc of excess, and make the contact of the two images 
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perfect ns before^ and call tlie minutes and seconds on the arc 
of excess*' the reading off the arc ; and half the dilTercnce of 
these numbers is the index error; additive Avhen the readhi^ 

" O 

on the arc of excess is greater than that on the limbj and sub- 
tractive when the contraiy is the case. 


EXA3irLE. ' " 

Reading on the arc,. 31 56 

„ off the arc, 31 22 


Difference, . . . 

- 

0 

34 




Tnclpv nri'm* 


Q 

17 





In this case the reading on the arc being greater than that 
on the arc of excess, the index error, = 17 seconds, must be 
subtracted from all observations taken with the instrument, 
imtil it be found, by a similar process, tliat the index error has 
altered. One obseiwation on each side of zero is seldom con- 
sidered enougli to give the index eiTor with sufficient exact- 
ness for particular purposes ; it is usual to take several mea- 
sures each way; ^^and half the difference of their means will 
give a result more to be depended on than one deduced from a 
single observation only on each side of zero.” A proof of the 
correctness of observations for index error is obtained by add- 
ing the above numbers together, and taking one-fourth of their 
smn, which should be equal to the sun’s semi-diameter, as given 
in the Nautical Almanac. Wlien the sun’s altitude is low, not 
exceeding 20° or 30°, his horizontal instead of his perpendicular 
diameter should be measured, (if the observer intends to com- 
pare with the Nautical Almanac, otherwise there is no neces- 
sity); because the refraction at such an altitude affects the 
lower border (or limb) more than the upper, so as to make his 
perpendicular diameter appear less than his horizontal one, 

* When reading offtlie arc of excess, tlie vernier must be read bnclnvards, 
or from its contrary end. 
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is tUat given in the Nautical Almanac i in tliis case the 
sextant must be beld horizontally. 

To xaake the Line of Collmation of the Telescope parallel to 
the Plane of the Sextant. 

This is kno^vn to be correct, when the Sun and hloon, 
having a distance of 90® or more, arc brought into contact 
just at the wire of the telescope which is nearest the plane of 
the sextant, fixing the index, and altering the position of the 
instrument to make the objects appear on the other wire; if 
the contact still remains perfect, the axis of the telescope is in 
proper adjustment; if not, it must be altered by mo^ng the 
two screw’S which fasten, to the tip-and-down piece, the collar 
into which the telescope screws. This adjustment is not vciy 
liable to bo deranged. 

Having now gone through tlie principle and construction of 
the sextant, it remains to give some instructions as to the man- 
ner of using it. 

It is evident that the plane of the instrument must be held 
in the plane o*f the two objects, the angular distance of which 
is rc<iuircd; in a vertical plane, therefore, when altitudes are 
measured; in a horizontal or oblique plane, when horizontal or 
obliciue angles arc to be taken. As tliis adjustment of the 
plane of the instrument is rather difficult and troublesome to 
the beginner, he 'need not be surprised nor discour.iged^ 
although liis first attempts may not answer lus expectations. 
The sextant must be held in the right hand, and as slack as Is 
consistent with its safety, for in grasping it too har4 the hand 
is apt to be rendered unsteady. 

When the altitude of au object, tho sun for instance, is io 
bo observed, tlic observer, having tho soa horizon before him, 
must turn down one or more of tho dark glasses, or shades, 
according to the brilliancy of the object; and directing his 
sight to that part of the horizon immediately beneath tho sun, 
and holding tho instnimcnt vertically, ho must with the' left 
hand lightly slide the index fonvard, until tho image of the 



.sun, Tcflccfcd from llie iiulex-irlass, appears in contact witli tlie 
horizon^ seen tlirougli tlie unsilvcrcd part of the horizon-glass. 
Tlicn clamp it firing and genllv turn the tangent-scre^v, to make 
the contact of the upper or lower limb of the sun and the hori- 
zon perfect, when it will appear a tangent to his circular disc.^' 
If an artificial horizon is cmploj-od, the two images of the sim 
must be brought into contact with each other; but this will be 
explained when speaking of that instrument. To the angle 
read ofi' apply the index error, and then add or subtract the 
sun’s semi-diameter, as given in the Nautical Almanac, accord- 
ing as tlic lower or upper limb is observed, to obtain the 
apparent altitude of the sun’s centi'e. Before we can use tliis 
observation for determining the time, the latitude. Sec., it must 
be further corrected for rcfinction and parallax, to obtain the 
true altitude, subtracting the former and adding the latter ; 
and when the sea horizon is emplo 3 'ed, a quantity must also be 
subtracted for the dip, which is unnecessary when the altitude 
is taken' by means of an artificial horizon. 


Example. 

Obs. alt., of the sun’s lower limb, .... 
Index error, 


Apparent altitude, 

. f Sim’s semi-diameter, 

' ^ „ parallax, 

Eefi'action, 34", 4'i 

Dip of the horizon, for an 1 4 a o t 

elevation of 18 feet, .... J ’ J 

True altitude of the sun’s centre. 


o r n 


61 

13 

5 


— 


17 


61 

12 

0 

00 

0 

+ 

15 

46, 

9 

+ 

0 

4, 

0 

61 

28 

38, 

9 

— , 

4 

37, 

4 

61 

24 

h 

5 


*■ If the observer knows his latitude approximately, he may find the meri- 
dional altitude nearlj’^, to which he may previously set his instrument ; when 
he will not only find hfs object more easily, but have only a small quantity to 
.move the inde.v to perfect the observation. 

Take from’ the Nautical Almanac the declination of the object, and if it be 
of the same name with the latitude, add it to the co-latitude ; if of a different 
name, subtract it ; the sum or difference will be the meridian altitude. 

f An observation of a star requires no correction for either parallax or 
semi-diameter. 
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If the obscner is ignoiant of the precise moment of the 
object’s being on tlie menchan, he should, hy a slow and 
gradual motion of the tangent-screw, keep the observed limb 
m contact with the horizon as long as it continues to use , and 
immediately on the altitudes appearing to dimmish, cease from 
observing, and the angle then read on the instiaunent will he 
the meridian altitude 

The angular distances of terrestrial objects are measured by 
the sextant m tlie same manner as those of celestial ones , but 
if the objects are not in the same lionzontal plane, a reflecting 
instrument will not give their lionzontal angular distance 
But this may be obtamed nearly by measunng their angular 
distances from an object m or near the horizon, which subtends 
a great angle with both, and the sum, or the difference of the 
angles so measured, will be nearly the required horizontal angle 
Of the sextant, it has been said, that it is m itself a portable 
observatory, and it is doubtless one of the most generally use- 
ful mslruments that has ever been contnved, being capable of 
furnishing data to a considerable degree of accuracy for tlie 
solution of a numerous class of the most useful astronomical 
problems , affordmg the means of determining the time, tlie 
latitude and longitude of a place, &c , for wluch, and many 
other purposes, it is invaluable to tlic Surveyor * 

On the Ajitifjcial HonizoN, 

When the altitude of a celestial object is to be taken at sea, 
the obser\ er has the natural (or sea) horizon, as a Ime of 
departure , but on shore, he is obliged to have recourse to an 
artificial one to which lus observations may be referred this 
consists of a reflectmg plane parallel to the natural hoiizon, on 
which the raj s of the sun or other object falhng, are reflected 
back to an eye placed m a proper position to receive them, 
tlie angle between the real object, and its reflected image bemg 
then measured with the sextant, is double the altitude of the 
object abov e the horizontal idanc 
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Various iiadiral as u-oll as artificiiil rcflociing surfaces liavc 
been luatlc by uicclianic/tl {UTaugcinculs, to allbrd (lie means 
of obtaining double angles: siicli ns pouring ivatcr, oil, treacle, 
or other fluid substances into a shallow vessel; and to prevent 
the wind giving a tremulous motion to its surface, a piece of 
thill gauze, talc, or idatc-glass, whose surfaces arc perfectly 
plane and parallel, may be placed over if, when used for ohscr- 
vafiou. But the most accurate hind of artificial horizon is 
that in wliich fluid cpiicksilvcr forms the reflecting surface, the 
containing vessel being placed on a solid basis, and protected 
from the influence of the wind. The adjoining figure repre- 
sents an instrument of this hind. The 
mercury is contained in an oblong wooden 
trough, placed under the roof A, in which 
are fixed two plates of glass whoso surfaces ^ 
arc plane and parallel to each other. This 
roof ctfcctnally screens the suvfiicc of the metal from beimr 
agitated by the wind, and when it has its position reversed at 
a second observation, any error occasioned by undue refrac- 
tion at either plate of glass will be corrected. 

Another and more portable contrivance for an artificial 
horizon, is rcprosoiitcd in the following figure, which consists 
of a circular plate of black glass about two inches diameter, 
mounted on a brass stand, half an inch 
deep, with three foot-screws, a, h, c, to set 
the plane horizontal ; the horizoutality being 
determined thus by the aid of a short spirit- 
level, d, having under the tube a face 
jvrouud plane on which it lies in contact 
with the reflecting surface ; place the level 
on the glass in a direction parallel to the 
lino joining two of the three foot-sca*cws, ns a and l>, then move 
one of tlicsd screws till the bubble remains in the middle of 
the lube in both the reversed positions of the level, and the 
plate will bo horizontal in that dncctiou: then place the level 
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at right angles to its former position, and turn the third foot- 
sorew hack or forwards till the babble again settles in the 
middle of its tube, the former levelling remaining undisturbed, 
and the plane will then be horizontal. This instrument, from 
its portability, is extremely convenient for travellers, as when 
packed in its case, it can be carried in the pocket without 
being any incumbrance. 

AVhen an artificial horizon is used, the observer must place 
himself at such a distance that he may see the reflected object 
as well as the real one; then having the sextant properly 
adjusted, the upper or lower limb of the sun^s image (suppos- 
ing that the object) reflected from the index-glass, must be 
brought into contact with the opposite limb of the image 
reflected from the artificial horizon, observing that when the 
inverting telescope is used, the upper limb will appear as the 
lower, and viceversd;* the angle shown on tlie instrument, 
when corrected for the index error, will be double the altitude 
of the sun’s limb above the horizontal plane; to the half of 
which, if the semi-diameter, refraction, and parallax be applied, 
the result will be the true altitude of the centre. 


Exasiple. 


Observed angle, 

Index error, 

Semidiameter, 

Parallax, 

Refraction, 

True alt. of Sun’s centre. 


.. 122 

25 

50,00 

.. — 


17,05 

2) 122 

25 

32,95 

>. fil 

12 

46,47 

.. + 

15 

46,91 

+ 


4,00 

61 

28 

37,38 

.. — 


34,40 

.. 61 

28 

2,98 


* ^Vhen the contact is formed at the lower limb, the images will separate 
shortly after the contact has been made, if the altitude be iucrcasing ; but if 
the altitude be decreasing, they will begin to overlap ; but when the contact 
19 formed at the upper Itmb, the rerers® takes place. An obaerrer, if in 
doubt as to which limb he has been observing, should natch the object for a 
short lime after be has made the obserration. 
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Wc will conclude tliis Cliaptcr with an illustration of the 
method of observing altitudes with an artificial liorizon; aiid 
a few lines explanatory of Parallax and Refraction: 

Let AB represent 

the surface of the * 

cjuichsilvcr con- sQ 

tained in a M'ood- 
cn ti'ougli, whose 
plane is continued 
to C; DBF, the 
roof, in which are *5 
fixed two plates of 
glass, DE and EF, 
whose surfaces are ' 
plane and parallel 
to each other: and 
© the sun at S, 

whose altitude is required. Now tlie ray SH, proceeding 
from the sun’s lower limb to the sm-face of the quicksilver, will 
be reflected thence to the eye in the direction HG, and the 
upper limb of the sun’s image, reflected from the quicksilver, 
wdll appear in the line GH, continued to R ; and it. is a well 
known principle in catoptrics, that the angle of incidence, 
SHA or sue, is equal to the angle of reflection, GHB ; and 
as the angle AHR, or CHR, is the opposite angle of GHB, it 
is, therefore, equal to it, and to the angle SHC, the altitude of 
the sun’s lower limb above the horizontal plane ; so that, if we 
suppose the angle SHR, measured by a sextant, to be 80°, the 
altitude of the sun’s lower limb w^ill be 40°, subject to the cor- 
rections, as above. 

In the example given of observing an altitude of the sun, its 
semi-diameter is added. The apparent diameter of the sim, 
moon, &c., is the angle under wliich they appear to an obseiwer 
situated on the earth; , the amount of which depends upon the 
real magnitude of the object, audits distance from the observer. 
The sun’s semi-diameter is given in the Nautical Almanac. 

Its mean semi-diameter is 16', which is the quantityused in 
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common practice, as it never varies more than half a minute 
from that amount 

The situation of a celestial body, when \iewed from 
the surface of the earth, is called its apparent place, and 
tliat part of the heavens when? it \YOuld be seen, if ob- 
served at the same time from the centre of the earth, is 
called its true place. Tlie difference between the true and 
apparent places is termed the Parallax of the object The 
parallax of an object is greatest at the horizon, and gradually 
diminishes as the body rises above the horizon, until it comes 
to the zenith, where the parallax vam‘shes. It is evident that 
the altitude of an object seen from the earth’s surface, is less 
than it would bo if seen from the centre : hence, tho parallax is 
to be added to the apparent altitude, in order to obtain the true 
altitude. The sun’s mean horizontal parallax is 8|". 

Tlio third cori'ection for an altitude of tlie sun, is on account 
of Refraction. The rays of light which proceed from a celes- 
tial body, on entering the atmosphere in an oblique direction 
ai*e bent out of their rectilinear coiu*se, and incline more 
and more towards the centre of the earth as they pass deeper 
into the atmosphere, and hence enter the eye of an observer 
in a different direction from tliat of tho object, and make it 
appear higher than its real place. And the difference between 
the real and apparent places of the heavenly bodies, as 
affected by the passage of the rays of light through the 
is. caJifid.th /1 BrfvarJJm. o£ tha Tbi to/mq. 

obliquely the r.iys enter the atmosphere, the more they will 
bo bent out of their rectilinear course, and hence the greater 
the refraction: consequently, refraction is greatest at the 
horizon, and ceases at the zenith. Refraction is always to bo 
subtracted from the apparent altitude of an object, because 
the effect of refraction is to cause bodies to appear higher than 
they really are ; so much so, that the sun,- stars, kc, may 
actually bo below the horizon, when they appear above it. 
T.ables of lefraction are gi\'en in the Appendix. 



CHAPTER V. 


The Spirit Level. 

Certain parts of the capital instruments used in sui'veying 
and in astronomical observations^ reqiure to be adjusted in truly 
liorizontal positions ; andj to arrive at tin's adjustment, one or 
more subsidiary instruments, called spii'it levels, are attached 
to such principal instruments. The spii’it level, attached to a 
good telescope, fiu-nished witli a compass, and such means of 
correct adjustment, as ^ve shall presently describe, becomes 
also itself a capital instrument, being used in that department 
of sui’veying, termed levelling, which consists in measuring the 
vertical distances between various stations. 

The spirit level consists of a glass tube, ditFering from the 
cylindrical form by having its diameter largest in the middle, 
and decreasing slightly and with great regularity from the 
middle to the ends. The tube is neai’ly but not quite filled 
with sph’its of Avine, thus leaving in it a bubble of air, wliich rises 
to the highest part of the tube, so as to haA’-e its two ends 
equally distant from the middle, Avhen the instrument is in 
adjustment The tube is generally fitted into another tube of 
metal, and attached to a frame terminating in angular bear- 
ings, by Avhich the level can either be suspended from, or else 
be stood upon, cylindrical pivots. When, however, the level 
forms a permanent part of any instrument, the maimer of 
attaching it is modified to suit the particular’ form of the in- 
str’ument to which it is attached. A small and accurately 
divided scale is attached to the best instruments, or other- 
wise a scale is scratched upon the glass tube itself. 



The annexed figui e is a representation of such a level as is 
used for levelUng the axis of the best astronomical instru- 
ments. It is provided uitli a fixed scale, seen in the figure, 
and is suspended by means of accurately constructed angular 
bearings. 



Tlie following criteria of a good level are extracted from 
Dr. Pearson’s valuable work on Practical Astronomy. 

" 1st. Tile bubble must bo long enough, compared with 
the whole tube to admit of quick displacement, and jet not 
too long to admit of its proper elongation by low temperature. 

" 2nd. The curve must be such, that the sensibility and 
uniform run of the bubble will indicate quantities sufficiently 
minute, while those quantities correspond exactly to tie 
changes of inclination, as read on the graduated limb of the 
instrument of wliich it forms a part. 

" 3rd. The bubble must keep its station when tlie angles 
are moved a little round the pivots of suspension. 

4th. The opposite ends of the bubble must vary alike 
in all changes of tcmperatxu«, or, in other words, the ends of 
the bubble must elongate or contract alike in opposite direc- 
tions, so that the middle point may always be stationarj’. 

5th. The angles of tJie metallic end-pieces must be so 
nicely adjusted, that reversion on horizontal pi\ots that are 
equal, will not alter tlio place of the bubble. 

** Gtli. The distance betw'cen the two zeros of a fixed scale, 
when such a graduated scale is used, should be equal to the 
length of the bubble at the tcmperatiue of 60® of Fahrenheit’s 
scale, and should be marked at equal dist.anccs from the 
i isiWe ends of the glass tube. Then, as the bubble lengthens 



1 » 3 ' cold, or sliortcns lieat, its extreme ends ma^- ahva^^s be 
referred (o tlies(' fixed maii's, 0, 0, on tlie scale, and will foil 
eitlier wilbin, upon, or bc_vond llicm, according to the existing 
temperature. The nnmher of subdivisions of the scale that 
oacli end of the bubble is standing at, counted from the fixed 
zero marks, at llic instant of finishing an observation, must 
abw'iys be noted, that an allowance may be made for the value 
of the deviation in seconds, or as the case may require. 

“7th. When the two ends of the bubble are not alike 
afiected by a change of tcmjicraturc, the scale should be de- 
tached, and adjustable to the new zero points, by an inversion 
of the level. 

“ 8th. "Wdicn the scale has onl}’- one zero at its centre, 
which is a mode of dividing the least liable to misapprehen- 
sion, the positions must bo reversed at each observation, and 
both ends of the bubble read in each position; for in this 
case, if an}’- change has taken place in the true position of 
this zero, the resulting error will merge in the reduction of 
the observation.” 

We proceed now to the description of the most accurate in- 
struments for measuring the difterences of level, or vertical 
distances, between difterent stations. 

Of spirit levels for this purpose^ there are now three in use, 
namel}’’, the Y level,, Troughton’s improved level, and Gra- 
A’att’s level. 

The figure on the next page represents the Y level. A, 
is an achromatic telescope, resting upon two supporters, which 
in shape resemble the letter Y, and are consequently called the 
Y’s. The lower ends of these supporters are let perpendicu- 
lai'ly into a strong bar, which carries a compass box, C. This 
compass box is convenient for taking bearings, and has a con- 
trivance for throwing the needle off its centre, when not in 
use. One of the Y supporters is fitted into a socket, and can 
be raised or lowered by the screw B. 

Beneath the compass box, wdiich is generally in one piece 
with the bar, is a conical axis passing through the tipper of 
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• THE Y LEVEL 



two parallel plates, and terminating in n ball supported in a 
socket. ImmocUately above this upper parallel plate is a 
collar, which can be made to embrace the conical axis tightly 
by turning the clamping screw E, and a slow liorizontal mo- 
tion may then bo given to tJie instrument by means of tho 
tangent screw V. TIio two parallel plates are connected to- 
gether by the ball and socket already mentioned, and are set 
firm by four mill-headed screws, which turn in sockets fixed 
to the lower plate, while their heads press against the under 
side of the upper plate, and thus servo the purpose of setting 
the instrument up truly level. 

Beneath tho lower parallel plate is a female screw, adapted 
to the staff-head, which is comiected by brass joints with three 
mahogany legs, so constructed, as to shut together, and form 
one round staff, a very convenient form for portability, and, 
U'hen opened out, to make a firm stand, be tiie ground ever 
so uneven. 

Tlio spirit level 1 1 is fixed to the telescope by a joint at 
one end, and a capstan-lieaded screw at the other, ' u or 
depress it for adjustment. 
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fn looking tlirongli a folescope a considerable field of view 
is embraced; but the measurements indicated by any instru- 
ment, of which the telescope may form a part, will only have 
reference to one particular point in this field of view, which 
])articular point is considered as the centre of this field of 
view. We must therefore jilace some fixed point in the field 
ol’ view, and in the focus of the cye-jnece, and the point to 
which the measurement will Jiavc reference wn’ll be that point 
of the object viewed, which ajjpears to be coincident with tliis 
fixed point, or which; as the technical phrase is, is bisected by 
the fixed point 

The intersection of two fixed fines wdll furnish us vdth 
such a fixed point, and consequently two fines of spider’s web 
are fixed at right aiigles to each other in tlie focus of the 
>c3*c-piece. They are attached by a little gum to a brass ring 
of smaller dimensions than the tube of the telescope, and- which 
is fixed to the tube by four small 
screws, a, h, c, d. If the screw, d, 
be cased, wdiiie at the same time c 
is tightened, the ring will he 
moved to the right ; but, if c he 
eased and d tightened, the ring 
will he moved to the left ; and in 
a like manner it may he moved up 
or down hy means of the screws 
a and b. 

When the instrument is in adjustment, the axis of the tube 
of the telescope is set truly horizontal hy means of the level 
beneath it, and the line of observation ought consequently to 
he parallel to this axis. Let A represent the proper position 
of the intersection of the cross 
wires, and OA, the direction 
of the axis of a pencil of fight I 
passing through the object- 

glass and coming to its focus at A. Then, the axis of the 
tube of the telescope being set truly horizontal, the fine AO 
is also truly horizontal, and every point bisected by the inter- 
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section of tlie cross-wires will be situated on the prolongation 
of the horizontal line AO. 

Suppose now the position of the diaphragm cmiying thecross- 
wires to have become deranged, so that the point of inter- 
section is moved to B, then every point bisected by the inter- 
section of the cross-wires will be on the prolongation of the 
line BO, and will consequently be below the true level point 
on the line AO. 

Let now the telescope be turned half round in the Y’s, and 
let the annexed figure represent it in its new position ; then, 
in this new position of the 

telescope, the prolongation 

of the line BO will rise above — a 

the prolongation of the level 

line AO, and, at the same distance from the telescope, the 
point now bisected by the intersection of the cross--wires will be 
as much above the true level point on the line AO as the point 
before bisected by them was below it The true level point is 
therefore midway between tho two points observed in the two 
positions of the telescope, and the diaphragm carrying the 
cross-wires is to be moved by means of the screws a, b, c, rf, 
till their point of intersection coincides with that true 
level point The telescope is then to be again turned round 
upon tho Ts, and, if the same point be still bisected by the 
intersection of the cross-wires, they are in their proper posi- 
tion ; but, if not, the same method of adjustment must be re- 
peated, till the same point is bisected by the intersection of the 
cross-wires in eveiy position of the telescope. 

This error of derangement has a technical denomination. 
The line OA, or OB, from 0 to the point of intersection of the 
cross-wires, is called the line ofcolUmationt and the error arising 
from their derangement, whicli we have sho^Ti tho metliod 
of detecting and correcting, is called the error of collimaiioTu 

When tho image of the object viewed, formed by the object- 
glass, cither falls short off, or beyond the place of the cross- 
wires, tho error arising from this cause is called parallar. 

n 
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settle at tlic same point of Ac tube a5 before, it shows that 
the bubble tube is out of adjustment, and reepures correcting. 
The end to wliich the bubble retires must then be noticed, 
and the buhbie made to return oii&-half the distance by turn- 
ing the parallel plate screws, and the other half by turning 
the capstan-headed sci*ew at the end of the bubble tube. The 
telescope must now again be reversed, and the operatioii be 
repeated, until the bubble settles at the same point of the 
tube, in the centre of its run, in both positions of the instru- 
ment, The adjustment is then perfect, and the chps which 
serve to confine the telescope in the Y’s should be made fast. 

Lasthjy to set the Axis of the Telescope perpendicular to the 
Vertical Axis round tohich the Instrument turns . — Place the 
telescope over two of the parallel plate screws, and move them, 
unscrewing one while screwing up the other, until the bubble 
of the level settles in the centre of its run ; then turn the 
instrument half round upon the vertical axis, so that tlie coii- 
trary ends of the telescope may bo over the same two screws, 
and, if the bubble does not again settle at the same point as 
before, half the error must he cori’ected by turning the screw 
C, and the other half by turning tho two parallel -plate screws, 
over which the telescope is placed. Next turn the telescope 
a (Quarter round, that it may lie over tho other two screws, 
and repeat the process to bring these two screws also into 
adjustment,' and when, after a few trials, the bubble maia- 
fains exactly the same position m the centi'e of its run, whi/e 
the telescope is turned all round upon the axis, tJiis axis will 
bo truly vertical, and Ae axis of the telescope, being hori- 
zontal by reason of the previous adjustment of the bubble 
tube, will be perpendicular to that vertical axis, and remain 
truly horizontal, while the telescope is turned completely round 
upon tile staves. The adjustment is Aereforo perfect. 

The object of the above adjustments is to make the line of 
coUimation move round in a horizontal plane, when the in- 
strument is turned round its vertical axis, and the methods 
above explained suppose that Ae telescope itself is constructed 
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Tvith. the utmost perfection, so that the axis of the tube, cann- 
ing the object-glass is always in the same straight Ime with 
the axis of the mam tube, which carries the diaphragm with tlie 
cross-wires. . If this perfection in the construction of the in- 
strument does not exist, the line of collimation will vary, as 
the tube carrying the object-glass is thrust out, and drawn in, 
to adjust the focus for objects of different distances. What is 
really reqm'red, then, is that the cross-wires be so adjusted 
that the line of collimation- may be in the same straight line 
with the line in which the centre of the object-glass is moved, 
and that the bubble of the level be at the centre of its run, 
when this line of collimation is directed to view objects, at 
the same level, or at the same distance from the centre of the 
earth. 

We are indebted to Mr. Gravatt, of whose level we shall 
hereafter speak, for a method of collimating, which satisfies 
the above requirements, and removes any error arising from 
imperfection in the slide of the telescope, while at the same 
time the line of collimation is set with the end at the object- 
glass, slightly depressed, instead of exactly horizontal, so as 
to remove or nearly so, the errors 'arising fr’om the cmvaturg 
of the earth, and the horizontal refraction. 

To examine and correct the Collimation hy Mr. Gravat^s 
Method. — “ On a tolerably level piece of ground drive in 
three stakes at intervals of about four or five Chains, calling 
the first stake a, the second b, and the third c. 

“ Place the instrument half way between the stakes a and 
b, and read the staff A, placed on the stake a, and also the 
staff B, placed on the stake b; call the two readings A' and B'; 
then, although the instrument be out of adjustment,^ yet tlie 
points read off will be. equidistant fr’om the earth’s centre, and 
consequently level. 

* The axis of the instrument is to be set vertical by means of the parallel 
plate screws, by placing the telescope over each pair alternately, and moving 
them, until the air bubble remains in the same position, when the instrument 
is turned half round upon its axis. 
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“ Now remove the instrument to a point Ualf-way between 
h and c. Again read off the staff B, and read also a staff 
placed on the stake c, whicli call staff C (the one before called 
A being removed into tliat situation). Now, by adding tho 
difference of tlie readings on B (with its proper sign) to the 
reading on C, we get three points, say A', B', and C, equi- 
distant from the earth’s centre, or in the same true level. 

Place the instrument at any short distance, say half a 
Chain beyond it, and, using the bubble merely to see that you 
do not disturb the instrument, read all three staffs, or to speak 
moro correctly, get a reading from each of tho stakes, a, h, c; 
call these three readings A", B", Cf’. Now, if tlie stake h bo 
half-way between a and c,* then ought C" — C' — (A'* — ■ A' ) to 
be equal to 2 [B" — B' — (A" — ^A')] ; but if not, alter the screws 
uhich adjust the diapluragm, and consequently the horizontal 
spider line, or wire, until such be tbe case; and then the in- 
strument will be adjusted for coUimation. 

"To adjust tho spirit bubble without removing tlie instru- 
ment, read the staff, A, say it reads A'", then adding (A"' A’) 

uith its proper sign to B' wc get a value, say B."' 

Adjust the instrument by means of tho parallel plato 
screwst, to read B"' on tlie staff B. 

"■ Now, by the screws attached to tho bubble tube, bring 
tho bubblo into the centre of its run. 

" The instrument will now be in complete practical adjusb- 
ment for level, curvature, and horizontal refraction, for any 
distance not esceedbig ten Chains, the maximum error being 
only xugijth of a foot" 

Before making observations witli this instrument, the ad- 
justments should be carefully examined and rectified, after 

• ^Thaterer be the distances between the stakes a, b, and c, tho follow- 
ing proportions ought to bold, nz. — *■ 

The distance from a . i . the detanco a to c :: B'— B'— <A'— A') : C'— O' 
“(A'— A') 

t If Ibis adjustment bo made by tbe screw B, instead of the parallel 
plato screws, the Lae of colhmation will be brought into its proper position 
with respect to the tertical aMS. 
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wliicli tlie screw B should never he touched; hut at each sta- 
tion the parallel plate screws alone should he used for setting 
the axis round which the instrument turns trulj werticah when, 
in consequence of the adjustments previously made, the line 
of colKmation will he truly level. For this purpose the teles- 
cope must be placed over each pair of the parallel plate screws 
alternately, and they must he moved till the air bubble settles 
in the middle of the level, and the operation being repeated 
till the telescope can be turned quite round upon the staff-head, 
without any change taking place in the position of the bubble, 
the instriiment will he ready to read off the graduations upon 
the levelling staves, which we proceed to describe. 

The best constructed levelling staff* consists of thi’ee parts, 
which pack together for carriage in a neat mamier, and, when 
opened out for use, form a staff seventeen feet long, jomted 
together something after the manner of a fishing-rod. The 
whole length is divided into hundredths of a foot alternately 
coloured black and white, and occupying half the breadth of 
the staff; hut for distinctness the lines denoting tenths of feet 
are continued the whole breadth, every half foot or five-tenths 
being distinguished by a conspicious black dot on each side. _ 

In all work where great accuracy is required, the Y level, 
above described, is preferable to either of the others ; but both 
Troughton’s level and Gravatt’s level are calculated by their 
lightness, and by their being less hable to derangement when 
once properly adjusted, to get rapidly over the ground. 

In this level the telescope, T, rests close down upon the 
horizontal bar, 5, 6, the sphit level, Z, 7, is permanently fixed to 
the top of the telescope, and does not, therefore, admit of ad- 
justment, and the compass box, 0, is supported over the level 
by four small pillars attached to the horizontal bar. This 
construction makes the instrument very firm and compact. 
The staves, staff-head, and parallel plates by which the in- 
strument is supported, and the vertical axis upon which it 


* This staff was first introduced into use by 'VVilliara Gravatt, Esq. 
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lurnSj ai‘e of exactly tUo same construction as have been 
already described as used for supporting the Y level. 

The diaphragm is furnished with three threads, two of 
them vertical, between which the levelling staff may be seen, 
and the third, horizontal, ^ves the reading of the staff by its 
coincidence •witli one of the graduations marked upon it. Some- 
times a pearl micrometer-scale is fixed on the diaphra^, in- 
stead of the wires. The central division on the scale, then, 
indicates the collimating point, and by its coincidence with a 
/firisiiw iff the ^£f ^rc& the repaired resdjng ivf 

tills staff; and the scale serves the purpose of measuring dis- 
tances approximately, and of determining stations nearly equi- 
distant from the instrument, since at such equal distances the 
staff will subtend the same number of divisions upon the mi- 
crometer-scale. 

In selecting a level of Troughton’s construction, and also in 
testing and adjusting the collimation subsequently, Mr. Gravatt’s 
method, already described, is the best to be used ; and, when 
the line of collimation is tlms brought into adjustment, if the 
bubble be far from the centre of its run, the fault can only be 
remedied by tbc maker; but, if the bubble settle vc • 
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ill the centre of its run, the insti’ument may be deemed a good 
one, and, tlio divisions on the glass tube which coincide with 
the ends of the bubble being noted, the instrument must be 
set up for use with the bubble in this position. 

The line of coUimation is set perpendicular to the vertical 
axis, in the same manner as in the Y level, by means of the 
capstan screws, B, B, tlie bubble being made to maintain the 
recjm'site position, as above determined, while the intrument 
is turned completely round on its axis. 

Mr. Gravatt’s Level. 

- This instrument is furnished with an object-glass of large 
apertm-e and short focal length; and, sufficient light being 
thus obtained to admit of a higher magnifying power in the 
eye-piece, the advantages of a much larger instrument are 



obtained, without the inconvenience of its length. The dia- 
phragm is carried by the internal tube which is nearly 
equal in length to the external tube. The external tube T, T, is 
sprung at its apertiue, and gives a steady and even motion to 



169 


the internal tube a, a, which is dirust out^ and drawn in, to 
adjust the focus for objects at different distances by means of 
the mihed-headed screw A, The spirit level is placed above 
the telescope, and attached to it by capstan-headed screws, 
ono at either end, by means of which the bubble can be 
brought to the centre of its run, as in the case of the Y level, 
wlien the line of collimation is brought to the proper level 
by IMr. Gravatt’s method of adjustment, already explained. 

The telescope is attached to a horizontal bar in a similar 
manner to Troughton’s level, but room is just left between 
the telescope and the bar for the com^ss-box. 

A cross level, A, is placed upon the telescope at right angles 
to tho principal level /, /, by which wo are enabled to set the 
instrument up at once with tlie axis nearly vertical, A mirror 
m, mounted upon a hinge-joint, is placed at the end of the level 
/, I, so that the observer, while reading the staff, can at tho samo 
time see that the instnunent retains its proper position — a 
precaution by no means unnecessary in windy weather, or on 
bad springy ground. 

The telescope is attached to the horizontal bar by capstan- 
headed screws, B, B, as in Troughton’s level, by which the line 
of collimation is set perpendicular to the vertical axis; and 
the instrument is set up upon parallel plates, as before de- 
scribed, for the Y level. 



CHAPTER VI. 


The Tkansit Instrument. 

Reflecting instruments^ from their portability and the 
promptitude and facility witli which they may be used in all 
situationsj and upon all occasions^ ai’e very useful instruments 
to the Surveyor. The Sextant with an Artificial horizon, and a 
good chronometer, forms an observatory of itself, with which 
the latitudes and longitudes of places may be determined to a 
certain degree of accuracy. In permanent observations the 
capital angular instruments are placed permanently in the 
plane of the meridian, and the measurements sought for by 
their aid are the exact times at which the observed objects 
pass the meridian, and their angular altitudes or zenith dis- 
tances, when upon the meridian. The instrument with which 
the first of these measurements is obtaiaed, is called a transit 
instrument, transit telescope, or merely a transit. Transits of 
portable dimensions, besides their use in small or temporary ob- 
servatories, are found serviceable to the Surveyor, for deter- 
mining, with the greatest possible accuracy, the true north 
point, and thence setting out a line in any required chrection. 
The figure in the next page represents a portable transit. 

T, T is a telescope formed of two parts, connected by a 
spherical centre-piece, into which are fitted the larger ends of 
two cones, the common axis of which is placed at right angles 
to the axis of the telescope, to serve as the horizontal axis of 
the instrument. The two small ends of these cones are ground 
into frvo perfectly equal cylinders, called pivots. The pivots 
rest upon angular bearings or Y’s. 
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wliich E may bo called tlio eastern, and W the 'fresfernstand- 
ard ; one of the Ys is fixed iu a horizontal groove, on the 
n-estern standard, so that by means of the scro^v S, one end of 
the axis may be pushed a little forwards or backwards, and a 
small motion in azimuth be thus communicated to the teles- 
cope.* The standards, E and W, are fixed by screws upon 

* 'The large transits in permanent obserrations hare their Y’s placed in tno 
doTC^Udled grooTCs, one horizontal, and the other >ertlcal. By means of the 
latter, one end of tho axis may bo raised or depressed ; but in the portable 
transit the same object Is attained by tnrauig one> of the foot screws upon 
>sluch the entito Instniment testa. 



a bra-ss eircio, O, 0, ami stoailiucl by oblif|uc braces, B, B, 
wliicii spring from the cross-piece, 0. 

On one end ol the axis is fixed, so as to revolve vitli tlie 


axis, a vertical 


circle, V, V ; and a double index bai’, fiu’nislied 


with a spirit level /, /, to set it horizontal, caiTies two verniers, 
'n, //, adapted to the vertical circle, and shewing the angle of 
elevation of the telescope. The indcx-biu’ is fixed in its posi- 
tion by the clamping screw, C, and can be fixed upon either 
the eastern or western standard, at pleasiu’e, while the teles- 
cope, with its attached circle, can also be lifted out of, and 
have its position reversed in the Y’s, The j)ivot wliich does 
not carry the vertical circle, is pierced, and allows the light 
from a lamp to fall upon a plane spcculiun, fixed, in the 
sphei'ical centre-piece, on the axis of the telescope, and inclined 
to this axis at an angle of 4o°. The light is thus tlu'ow 
dh'ectly down the telescope, and illuminates the wu’es of the 
diaplmagin, placed in the principal focus of the telescope. 
Of these wires one is horizontal ; and a vertical wire, intersect- 
ing it in the centre of the field of view, gives by its hitersection 
^vitli it, the collimating point. There ai’e then, other vertical 
wires arranged hi pairs cqui-distant from the central vertical 
wires, so that we have either thi'ee or five, or seven vertical 
Avires, the most common number being five. The lamp has a 
contrivance for regulating the quantity of light tlu’OAAui into the 
telescope, by turrnng a scrcAV, so that the light from a small star 
may not be overpoAvered by the superior light of the lamp. 

The requisites of a good insti’ument, are — Istly, that the 
telescope be of the best quality; 2ndly, that the feet screAVS act 
Avell and remain steady; 3rdly, that all the screws, by which 
the mstrument is put together, are tiumed home, and remam 
so, after the instrument has been shaken by carriage ; 4tlily, 
that the length of the axis be just sufiicient to reach fr'oni 
one y to the other, Avithout either friction or liberty ; 5thly, that 
the lamp be held'so as not to require adjustment for position; 
6thly, that the screAVS of adjustment of the diaphragm, and Y’s, 
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bo competent to give security of position to tKo parts adjusted 
by tliem ; 7tlily, that the mefcdlic parts be free from flaws in 
casting, and that the pivots be formed of bard bell metal and 
incapable of rusting. 

The principal adjustments of tho Transit are three : 

1st. To make the axis on wbidi the telescope moves, hori- 
zontal. 

2nd. To make the line of coUimation move in a great ver- 
tical circle, by setting it perpendicular to tho horizontal axis. 

3rd. To make it move in that vertical circle, which is the 
meridian. 

To make the Axis Horizontah — Apply to the pivofs the 
large level, L,L, which is supplied with the instrument for 
this purpose. Bring tho air bubble to the centre of its run, 
hy turning tho foot screw, f. Turn the level end for end, 
and if tho air bubble retains its position, tlie axis is horizontal, 
but, if not, it must be brought back half hy the foot screw,^ 
and the other half hy turning the small screw at one end of tlie 
level. Repeat the operation till the bubble retains the same posi- 
tion in both positions of the level, and the axis will he horizontal. 

• To adjust the Line of CoUimation in Direct the 

telescope to some distant, small, and well-defined object, and 
bisect it by one extremity of the middle vertical wire, giving 
the telescope the azimuthal motion necessary for this purpose 
hy turning the screw S. By elevating or depressing the teles- 
cope, ek^mine whether the object is bisected by every part 
of tho middle vertical wire; and, if not, loosen tlie screws 
which hold the eye-end of tho telescope in its place, and turn 
the end round very carefully till the error is removed. Lift 
tho transit off tlie Y’s, and reverse it, so that the end of tlie 
axis, wliich was upon the eastern Y, may now be upon the 
western, and vice vtrsd; and, if the object is still bisected by 
the central vertical wire, the collimation in azimuth is per- 
fect ; hut, if not, move the centre of the cross-wires half-way 
towards the object by turning the small screws which hold the 



(linpliragni, and if tins liulf distance lias been correctly estimat- 
ed, tJio adjustment will be accomplisliecL Again, bisect the 
object by the centre of the cross-wmes by turning the azimuthal 
sciow, S, and repeat the operation, till the object is bisected 
by the centre of the cross-wires in both positions of the in- 
strument, and the adjustment will be known to be perfect.* 
To adjust the Transit to the Meridian . — Tiie line of coUima- 
tion by reason of die previous adjustment describes a vertical 
circle, and, therefore, bisects the zenith, which is one point in 
the meridian. then, we can malce it also bisect another 
point in the meridian, it wiU move eutmely in the meridian. 
Compute from the tables in the Nautical iUmanack, the time 
of i’olaris coming to the meridian, and at the computed time 
bisect the star by the middle vertical wii’e, and the transit will 
be very nearly adjusted to the meridian. 

To midce the great vertical cii’cle described by the line of 
collimatiou more nearly comcident with the meridian, let the 
intervals between the successive passages of Polaris across the 
meridiim be observed, as indicated by the instrument. Then, 
if tlie interval between the inferior and superior passage be 
equal to the interval between the superior and inferior, the 
adjustment to the meridian is perfect ; but if the interval 
between the inferior and superior passage be less than tbe in- 
terval between the superior and inferior, tbe circle described 
by the line of collimatiou deviates to the eastward of the true 
meridian, Aom the zenith to the north point of the horizon, and to 
the westward, from the zenith to the south point of the horizon ; 
while if the interval between the inferior and superior passage 
be the greater, the deviation is in the contrary directions. 

Let 3 he the observed difference of the intervals from twelve 
hours, or half the difference between the two intervals in 
seconds, ^ the polar distance of the star Polai’is, and L the 

* The horizontal motion given to the Y, by the azimuthal screw S, forms, 
evidently, no part of tlio adjustment for collimatiou, but only enables us to 
examine if the adjustment has been made with sufficient exactness. 
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latitude of the place, then, Z representing tlio deviation from 
the meridian in time, the value of Z will he given by the 
logaritlimic formula. 

log. Z == log. ^ + log. sec. L + log- tan. ^ — 20. 

Example. 

Place of observation, near Calcutta, Latitude 22” 33^ OP', 
polar distance of Polaris, 1” 39' 25''‘05, 

Difference of intervals from 12 Jioui^ 7® 22® = 442®. 

1 = 221 log. =- 2-3443923 

L= 22® 33' 01" log. sec. — 10'034d427 

«■= 1 “ 39' 25"‘05 ... log. tan, = 8'4G13064 

2 = 6 ** 922 log. = 20-S402414 

To determine the value of a revolution of the azimuthal 
screw, S, the time* of passage of an equatorial star across the 
middle vertical wire must bo noted one day; and then, turn- 
ing the screw, S, once round, the time of passage must be 
noted again 5 and the difference of these times will be the value 
in time of a revolution of the screw. Suppose the difference 
thus observed to amount to two seconds, then the value of 
one complete revolution of the screw, S, is two seconds, and 
tlio value of the motion of the xidjusting screw being thus ob- 
tained, m\ist bo reduced to the horizon, by increasing it in the 
ratio of cosine of latitude to radios, a:id may then be applied 
to correct the error of deviation as found above, 

A second method founded on the same principles as the 
preceding, consists in observing tlio Pole star, and another 
star, which crosses the meridian near the zenith of the place 
of observation. The time of passage of such a star, OapelJa, 
for instance, when near its superior transit, across the middle 
wire of the telescope, -srill differ but very little from the time 
of passing the true meridian, if the deviation of tho instru- 

* Tlio tjiBft htro spoken of, and iLroughoat the description of this in- 
stniment, unless otherwise cxpressljr stated, is sidereal, and not mean tunc. 
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Jiiont from the meridian Le but small. Assume the two 
times to agree exactly, and the difference between the times 
of superior transit of Capella and Polaris, will be the differ- 
ence ot tlio observed right ascensions of these two stai’s. 
I roin tliib diflei'cncc subtract the difference of the computed 
right ascensions of the two stars, and call the result D; and 
tlie deviation will be given by the formula. 

log. Z = log. D + log. sin. tt + log. sec. (L + tt) 

TT being the polar distance of Polaris, and L the latitude of 
the place of observation. From Capella not having been exactly 
on the meridian, w'hen on tlie middle vertical wii’e, the value of 
D, as above obtained, is only an approximation to the error of 
the observed right ascension of Polaris, and the deviation com- 
puted from it will be only approximately correct; but, by repeat- 
ing the operation, the adjustment may he completely perfected. 

D is actually the value of the sum of the errors of the ob- 
served right ascensions of Capella and Polaris, and hence 
tlie value of Z will be correctly given, by so considering it 
instead of supposing as above, that this eiTor for Capella is 
zero. The true deviation then is given by the formula, 
log. Z = log. D -plos* sin. tt sin* tt' + log. cosec. (tt' — tt) +log. seo.L. 

tt' being the polai* distance of Capella. 

Using this last formula, the method may he applied to 
Polaris, and any star distant from the pole, or to any two stars 
differincf from each other not less than 40° in declination. If 

O 

however, the transit of one star is observed above, and of the 
other, below the pole, the formula will be 

log. Z == log. D + log. sin. jr + Ing* sin. ir' log* cosec. (tt' -f* it) + log* see. L. 

Considerable advantage may be obtained by selecting two 
stars, that differ but little in right ascension, as there is then 
the less probability of error from a change in the rate of the 
clock, or in the position of the instrument, on which account 
such methods are to be preferred in temporary observatories, 
where the stability of the instrument is not to be depended 
upon for any length of time. 
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In all the pieceding foimul'c, the de\iation £iom the me- 
ridian IS given m time, but, to convert it into angular measure, 
if desirable, we have only to multiply by 15, and the seconds 
of time will be converted into seconds of a degree 

AVheu the instrument is by any of the methods explained 
above, brought into the meridian, a distant mark may be set 
up m the plane of the mendian, by nhicb the adjustment to 
the meridian may afterwards be tested 

Method of Observing with the Transit 
The adjustments having been completed, m makmg obsei- 
vations with the instrument, the mstant of a star's passing 
the middle vertical iiire will be the time of the star’s transit, 
but the time of the star’s passing all the five wires must bo 
noted, and the mean of the times, taken as the time of tiansit, 
Mill bo a moro accurate result than tbe time observed at the 
middle wire only 

^Vhcn the sun is the object observed, tbo time of the centre 
of liis disc passing the middle wire is the time of transit , but, 
as It would bo impossible to estimate ibis centre with accu- 
racy, the time of both his limbs coming into contact with each 
wire m succession is to be noted, and a mean of all these times 
will be tlie time of transit required This mean may bo con- 
aemcntly taken, by writing the observed times of contact of tlic 
first and second hmbs undcmeatli each other in the leveiso 
ordei, when the sums of eacli pan will be nearly equal 

EXA3irLE 


IS49 Jan 23 

20 4 
42 3 

3*8 r 

24 0 

h 

11 

12 

58 57 0 

1 57 

1*55 
47 2 

33 7 
28 7 

O 1 Limb 

O 2 Limb 


Ij 

27 

24 

0 27 

27 

- 

The sum = 13 2 


Tlio tune of cither hmb passing the centre wire is recorded 
m full, but for the other wires, the seconds only are lecorded, 
as the siuns of the several pairs only differ by decimals of a 


z 
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second. Half the sum of the times at the’ middle gives,, then, 
the correct time of transit as far as the second,, and the deci- 
mals arc found by removing the decimal point one place to 
the left in the sum 13*2, which is ec|uivalent to dividing by 
10. Then the time of transit, or mean of observations in the 
above example is 12’’ ()"> ls*32. Tin's example is taken from 
observations made with a large tr.ansit; and, if with a smaller 
instrument the sums of the several pairs of observations 
should differ by more than a second, it will be necessary to 
take the sums of both figures of the seconds, and the division 
Ijy 10, performed as above, will give the last figui’e of the se- 
conds, as well as the decimals. 

Ill taking transits of the moon the luminous edge alone can 
be observed, from winch the time of transit of the centre must 
be deduced by the aid of Lunar tables. 

In observing the lai’ger planets, one limb may be observed 
at tlie first, tliii’d, and fifth Avires, and the other at the second 
and foiu’th, and the mean of these observations Avill give the 
transit of the planet’s centre. 

It will sometimes happen that from the state of Aveather, or 
from some other cause, a heaA’^enly body may not have been 
observed at all the wires but, if the decimation of the body 
be IcnoAvn, an observation at any one of the Avires may be re- 
duced to the central Avire, so as to give the time of transit, as 
deduced from this observation. If an observation be obtained 
at more than one Avu'e, the mean of the times of passing the 
centre, as deduced from each Avire observed, is to be taken as 
the time of transit. The reduction to the centre whe is given 
by the formula, 

R — V cosec. TT, 

or log. R = log. V -h log. cosec. tt; 
in which R represents the reduction, tt the jiolar distance of 
the body observed, and V the equatorial interval from the 
wire at Avhich the observation has been made, to the central 
Avire. The equatorial intervals for each side Avire must, there- 
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fore, be carefully observed, and tabulated for' the purpose of 
this reduction. The formula R = V cosec. ir is only an ap- 
proximate value of the reduction, atid with large iustruments, 
capable of giving results -withm O'^OS, a farther correction is 
necessary for bodies witliiii 10® of the pole. The whole 
reduction in this case is given by the formula, 

R' = ^ sin' 15 V cosec. ?r. 

15 

The time of any star’s passage from one of the side wires to 
the centre wire bemg observed, the eq^uatorial interval from 
that wire to the centre is obtained by multiplying the ob- 
served interval by tlic sine of the star’s polar distance; and 
the cijuatorial intervals being deduced in this manner from a 
groat many stars, the mean of tlie results may bo considered 
as very correct values of tlie equatorial intervals required. 
No star very near the polo should, however, be taken for tliis 
purpose. 

Use or the Portable Trai?S3T. 

The large transits in permanent observatories are used to 
obtain, with the greatest possible accuracy, the right' ascen- 
sions of tlic heavenly bodies, from which, and the meridian 
altitudes observed by a mural circle, an iustrumeut, consisting 
of a telescope attached to a large circle, and placed in the 
plane of the meridian, nearly all the data necessary for every 
astronomical computation are obtained. For such purposes 
the small portable transit is not adapted; but it is competent 
to determine the time to an accuracy of half a second, to 
detemmiQ the longitude by observations of the moon and 
• moon culminating stars, and to detennine the latitude by 
placmg it at right angles to the meridian, -oh in the plane of 
the prime vertical.* 

Lhc traiisit of the sun’s centre gives the apparent noon at 
the place of observation, and the mean time at apparent noon 

• The prime rcrtical is tho great circle v.fa.tcli passes UirougU the zenith 
and the cast and west points of the hurizoo. 
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Iho upper Ijorizontal plate, or horizontal revolving plate, 
V, V, earric;5 an index, to point out the graduation, upon tlie 
io^\c^ Iioiizontal plate, or aziiuutli circle, which denotes neai'ly 
the angle to lie read olK The graduations upon tlie azimuth 
circle, as well as upon tiie vertical circle, arc subdivided by 
reading microscopes, the construction rnul adjustments of which 
we shall presently explain. Tlie reading microscopes of the 
azimuth circle arc attached to the revolving plate, V, V, which 
also curries two upright pillars. From the centre of the upper 
horizontal plate, Y, Y, rises a hollow- brass cone which just fits 
over, and moves smoothly upon the solid metallic vertical 
axis rising from the tripod stand. A liorizontal brace connects 
the two upright pillars with one another and with the top of 
the hollow brass cone, and keeps the pillars firm and pai’allel 
to one another. On the top of each pillar a gibbet piece is 
fixctl, projecting beyond the pillars, and upon the extreme 
ends of these pieces ai'o carried tile Y’s for supporting the 
pivots of the horizontal, or transit axis. The Y’s ai-e each 
capable of being raised or lowered by turning a milled-beaded 
screw. The top of one of the pillai's carries a cross-piece for 
supporting the two reading microscopes of the vertical circle ; 
and to this cross-piece is attached the level, L, L, by wluch the 
adjustment of the vertical axis is denoted. 

The third portion of the instrument consists of the vertical 
circle and its telescope. This circle consists of two limbs 
firmly braced together, and preventing any tendency to 
flexiu'c in the tube of the telescope, by affording it support at 
the opposite ends of a diameter. One of the limbs only is 
erraduated, and the graduated side is called the face of the in- 
strument, and the clamp and tangent screw, for giving a slow 
motion to the vertical circle, act upon the nngraduated limb, 
and are fixed to the vertical piUar on the side of that limb. 
The horizontal axis which supports the telescope and vertical 
circle is constructed exactly as the axis of the transit instil- 
ment already .described; but, as it might press too heavily on 
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tlie Ts from the increased load of the vertical circle, a spiral 
spring, fixed in the body of eadr pdlar, presses up a friction 
roller against the conical axis with a force which is nearly a 
counterpoise to its weight. The adjustment of tlie horizontal 
axis is denoted by a level, as hi the portable transit alieady 
described. 

Adjustments. 

Adjustments of ike Vertical Ajrw.~Tuni the instrument 
round till the level, L, L, is over two of tlie foot-screws, and 
adjust tho level, so that its bubble may retain the same position, 
when the instrument is turned half round, so that the level is 
again over the same foot-screws, but in the reverse position. 
The error at each trial is corrected, as nearly as can be judged, 
half by tho foot-screws, and half by the adjusting screw of the 
level itself. 

Next turn the instrument round 90* in azimutli, so that tlie 
level, L, L, may bo at right angles to its former positions, and 
bring the bubble to tho same position as before, by turning 
tlie tliird foot-screw. Repeat the whole operation till the 
result is satisfactory. 

Adjustment of the Horizontal Axis. — ^This adjustment is 
performed in the same manner, as already described for the 
Transit instrument (Pago 173) with the single exception that 
one end of the axis is to bo raised or lowered, if necessary, by 
the screw acting upon its Y, and not by movdng a foot-screw', 
which w ould derange the previous ^uljustment. 

Adjustment of the Circle to its Reading Microscopes. Tin’s 

is performed by raising or lowering both the Y’s equally, so as 
not to derange the previous adjustment, till tlie microscopes 
are directed to opposite points in its horizontal diameter. 

Adjustment of Collimation in Azimuth. — Instead of taking 
tho axis out of its hearings and turning it end for end, the 
whole instrument is turned round in azimuth ; but in all other 
respects tho method of performing this adjustment is tlie same 
as that already described for the Transit inefriin . 1*7*’ 
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Adjustment of CoUimatioii in Altitude. — Point tlie teles- 
cope to a very dishint object, or star, and, bisecting it by tbe 
cross-wires, roiid olF tlic angle upon tlie vertical circle denoted 
by tlio reading microscopes. Timi the instrument half round 
in azimuth, and, again bisecting the same object by the cross- 
wires, read otf the angle. One of these readings will be 
an altitude, and the other a zenith distance,* and their sum, 
therelbre, when there is no error of collimation in altitude, 
will be 90°. If tlie sum is not 90°, half its difference from 90° 
will be the error of collimation in altitude, and this error 


being added to, or subtracted from, the observed angles, ac- 
cording as the sum of the readings is less or greater than 90° 
will ijivo the true zenith ch'stance and altitude. The error of 
collimation in altitude may then be corrected by adjusting 
the microscopes to read the true zenith distance and altitude, 
thus found, wliile the object is bisected by the cross-wires of 
the telescope. 

Use of the Altitude and Azimuth Instrument. — ^In using the 
altitude and azhnuth instrument, for astronomical j)m’poses, 
double observations should always be made, with the face first 
to the east, and then to the west, or vice vei'sd, or several ob- 
servations may be made with the face to' the east, and as many 
with the face to the west, and the mean of the results, reduced 
to the meridian, taken as the true results. The place for a 
meridian inai’k may be determined by the methods already 
oxiDlaincd when describing the transit mstrument, or by observ- 
ing the readings of the azimuthal circle, or noting the times, 
when any celestial object has egual altitudes. Since the 
diaplu’agm of the telescope is furnished not only with the 
central horizontal wire, but with other horizontal wires at 


equal distances above and below it, so that there may be alto- 
frether either tlmee or five, or seven horizontal wires, the 


* Both the horizontal and vertical circles are usually divided alike into 
four quadrants, and each quadrant graduated from 0" to 90°, proceeding in 
the same direction all round the circles. 
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azmiutbs and times may be observed, wbeii tlie object observ- 
ed IS bisected by each of these -wnes If a fixed star be the 
object observed, the mean of the times will give the time of 
the star’s passing the meiidian, and the mean of the azimuths 
will give the reading of tlie azimuth circle when the star 
nos on the meiidian, or the correction to he apphed to tlie 
leadings of the azimuth cucle to give tlie true azimuths If 
tlie sun be the body observed, a correction is necessary on 
account of the change of las decimation, duimg the mtervals 
between tlio observations 

The coricction for the time, as deduced from a pair of equal 
altitudes of the sun, is given by the foimula, 

t 

Correction X ^ 

in tvliicli S represents the variation in the smi’s declination 
from the noon of the day preceding the obsert a- 
tious to tho noon of the day succeeding 
t represents the mterval between the observations 
expressed m hours and decimals of an houi 
D repiesents the sun’s dcchnation at noon on the 
day on which tlie obseivations are made 
L represents the latitude of the place 
tf IS to be reckoned positive ivlien tbe sun’s dechnation is 
mci easing, and negative when it is decreasmg 
TJie correction for azimuth is given by the formula. 

Correction = i (D' — D) sec. lat cosec. (T' — T) 

ra ^hich B' — I) represents tho change of the") 
sun’sdcclination, and T—T represents theK°‘™™ 
interval in time, j observations 

When the sun is advancing towards the ’North ’Polo, this 
correction will cany the middle point towards the west of the 
approximate south point, but when he is approaching the 

2 A 
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South Pulcj it will cany tlic same ][)oiiit towards the cast, and 
must bo applied accorduigly. 

The altitude aud aziuuith iusti’umcnt being adapted to ob- 
sei'vo the licavciily bodies in any jxirt of the visible expanse 
of the licavens, its powers may be applied at any time to de- 
termine the data from which the time, the latitude of the 
place of observation, or the declination of the body observed, 
may be at once determined. Wo subjoin some of the formuhe, 
adapted to logaritlnnic computation, connecting the pai'ts of 
what may be called the astronomical triangle, of which the 
angular poiiits are, the pole, P, the zenith, Z, and the apparent 
place of the body observed, S. 

Let PZ, the colatitude of the place, bo represented by X. 

PS, the poliu* tlistuuce of the body obsei'ved ... tt. 

ZS, the zenith distance of the body observed ... Z. 


ZPS, the horn* angle from the meritlian h. 

PZS, the azimuthal imglc a. 

z 


z 



Then we have the following forimiho for determining the 
tune, tlie latitude, aud the declination of the body observed. 
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The Reading Microscope. 

The first of Uie aimoxccl figures represents a longitudinal 
Section of this iiibtriinieut, and the second represents the 



field of vicAv, sho^ving the magnified divisions of the h'mb of 
tlie instrument to wliich the microscope is applied, and the 
diaphragm, r/, </, of tlie microscope, with 
its comb, 6‘, c, and cross-Avires, to, 

The diaphragm is contained in the box, 

/, t, and consists of two pm-ts moving 
one over tlie other, the comb, c, c, 

Avhich is moA’^ed by the screAV, /, at the 
bottom of the box, for the piu’pose of 
adjustment, and the cross-AA’ires, lo, w, and index, i, Avliich 
are moved OA'er the comb and the magnified image of the 
limb, by timning the milled head, L The micrometer head, 
m, is attached by friction to the screAV tuimed by the milled 
head, so that, by holding fast the milled head, the micrometer 
head can be turned round for adjustment. 

e is the eye-piece, Avhich slides Avith friction into the cell, c, 
so as to produce distinct vision of the spider’s lines of the micro- 
meter. The object-glass, o, is held by a conical jiiece, d, d, Avhich 
screws further into, or out of, the body of the insti-ument, so 
as to produce distinct vision of the divided limb, to be read by 
the microscope, and, Avhen adjusted, is held firmly in its place 
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bv the nut, i, h. Tlie microscope screws into a collai*, so as to 
be capable of adjustment witli respect to its distance from the 
divided limb, and, when so adjusted, is held firmly.in its place 
by the nuts, n, n, n*, n\ 

Adjustments of the Reading JMicroscope. — Screw the object 
glass home. Insert the body of tlie microscope into the collar 
destined to receive it, and screw home the nuts,n, n and n'. 
hlalce the diaphragm and spider’s lines visible distinctly, by 
putting the eye-piece, c, the proper depth into the cell, c. Then 
make the graduated limb also distinctly visible without paral- 
lax by turning the nuts, n, n, and unscrewing one and 

screwing up the otlier till the desired object is attained. 

Now bring the point of intersection of the spider’s lines 
upon a stroke of the limb, and turn the micrometer head, m, 
to zero; tlicn, turning the screw through five revolutions, if 
tlie point of intersection of the spider’s lines has not moved 
over the whole of one of the divided spaces on the limb, the 
objections must be screwed up to diminish the power by turn- 
ing the cone, d, d; and if it has moved over more than one 
of the divided spaces, it must be unscrewed to increase the 
power, and then altering the position of the microscope, by 
turning the nuts, n, n and n', n', till distinct vision of the 
limb is again obtained, the measure of the space, moved over 
by five revolutions of the screw, must he repeated, as before, 
lyhen, after repeated trials, the result is satisfactory, the tliree 
nuts, 72, «, n't n't and b, b, must be screwed tight home, to ren- 
der the adjustment permanent 

IVlien the microscope has been thus adjusted for distance, 
the zero of the division on the limb must be brought to the 
point of intersection of the spider’s lines, and the divided 
head, 7/2, turned, till its zero is pointed to by its index, and 
then, if the zero on the comb, c, c, be Jiot covered exactly by 
the index, it the comb must be moved by turning the screw, 7*, 
which enters the bottom of the micrometer box, till its zero 
is covered by the index pin. The adjustment of the reading 
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microscope will now be perfect; and the graduated limb to 
be read by it, being divided at every five minutes, the degree 
and nearest five minutes of an observed angle Avill be slio^vn 
by the pointer or index to this graduated limb; while the 
number of complete revolutions, and the parts of a revolution, 
ol* tlio screw, in tlic order of the numbers upon the niicro- 
nicter head, viy rerpiired to bring the point of intersection of 
the spider’s lines upon a division of the graduated limb, will 
bo the number of minutes and seconds, respectively, to be 
added to the doo-rces and minutes shown by the index of the 
circle. The complete revolutions, or minutes, to be added, 
arc shown by the number ot teeth the index, i, has passed 
over from zero, and the parts of a revolution, or seconds and 
tenths to be added, ai‘C pohited out upon the micrometer head, 
7//, by its index. 
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On I^Iathematical Diliwing Instruments. 

In tJiis braucli tlie limits of our work will not permit us to 
enter upon all the contrivances that have been invented for 
facilitating the operations of the draughtsman; but wc shall 
endeavour to describe the constructions and applications of 
such as are in most general use, and, as far as our space will 
allow, to oshibit the principles upon which they are founded. 

With this view wc shall commence with the instruments of 
the ordinary case of drawing instruments, as sold by any mathe- 
matical instrument maker. 

On Drawing Compasses. 

Tuis instrument consists of two legs movable about a joint, 
so that the points at tho extremities of the legs may be set at 
any required distance from one another; it is used to transfer 
and measure distances, and to describe arcs and circles. 

The points of tlze compasses should be formed of well-tem- 
pered steel, that camiot easily be bent or blunted, the upper 
part being formed of brass or silver. The joint is framed of 
two substances; one side being of the same material as the 
upper part of tho compasses, either brass or silver, and the 
other of steel. This arrangement diminishes the wear of the 
pacts, and promotes unifomiity in their motion. If this 
uniformity be wanting, it is extremely difficult to set the com- 
passes at any desired distance, for, being opened or closed by 
tho pressure of tlic finger, if the joint bo not good, tliey will 
move by fits and starts, and citiier stop short of, or gohoyond 
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tlic distance required ; but, -vvlien tliej move evenly, tlie pres- 
sure may be regulated so as to open the legs to the desired ex- 
tent, and the joint should be still’ enough to hold them in this 
position, and not to permit them to deviate from it in con- 
sequence of the small amount of pressure which is inseparable 
from their use. \Vdien greater accuracy in the set of the com- ‘ 
passes is required than can be elfcctcd by the joint alone, we 
have recourse to the 

Hair Compasses, iji -which the upper part of one of the steel 
points is formed into a bent spring, which, being fastened at one 
extremity to the leg of the 
compasses almost close up 
to the joint, is held at the 
other end by a screw. A 
groove is formed in the 
shank, which receives the 
spring when screwed up 
tight; and, by turning the 
screw backwards, the steel 
point may be gradually allow- 
ed to be pulled backwards 
by the spring, and may 
again be gradually pulled 
forwards by the screw being 
tuimed forwai’ds. 

Jfig. 1 represents these 
compasses when shut; Fig. 

2 represents them open, wdth 
the screw turned backwards, 

and the steel point p, in consequence moved backwards by its 
spring s, from the position represented by the dotted lines, 
which it would have when screwed tight up. 

Fig. 3 represents a key, of which the two points fit into the 
two holes seen in the nut, n, of the joint; and by tuiming this 
nut the joint is made stiff’er or easier at pleasm-e. 
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To take a Distance with Hie Hair Compasses . — Open them 
as nearly as you can to the required distance, set the fixed 
leg on the point from which the distance is to be taken, and 
make the extremity of the other leg coincide accurately with 
the end of the required distance, by turning tlie screw. 


COMPASaCS WITH MoVABtE PoiNTS. 

If an arc or circle is to be described faintly, merely as a 
' guide for the terminating points of other lines, the steel points 
are generally sufficient for the 
purpose and are susceptible of 
adjustment with greater accuracy 
than a pencil point; but in 
order to draw arcs or circles 
with ipk or black-lead, compasses 
with a movable point ore used. 

In the best description of these 
compasses the end of the shank 
is formed into a strong spring, 

Avhich holds firmly the movable 
iwint, or a pencil or ink point, 
as may be required. A length- \ 
cning bar may also be attached 1 
between the shank and tlic 1 
movable point, so as to strike j 
larger circles, and measure great- 
er distances. Tlie movable point 
to be attached to the lengthen- 
ing bar, as also the pen point and 

pencil pomt, are furnished with a joint that they may be set 
nearly perpendicular to the paper. 

A, the compasses, with a movable point at B. 

C and D, tho joints to set each point perpendicular to the paper. 
E, the pencil point 

2 B 
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i\ the pen point. 

G, the ien'Tthonin'r bar. 

To describe small arcs or 
circles a small pair oF compass- 
es, called 6ow com/jasses with a 
permanent ink or pencil point, 
are used, 'rhey are formed 
with a round head, wdiich rolls 
with case between the fin- 
gers. The adjoinuig ligures 
present two constructions of 
pen bows. Tig. 1 being well 
adapted to describe arcs of 
not more than one inch radius, 
and Tig. 2 to describe arcs of 
.small radii witii exactness by 
means of the adjusting screw' C. 

Tor copying and reducing 
drawings, compasses of a pe- 
culiar construction ai’e used; 
the simplest form of wliicli is that called w'holes and halves, 
because the longer legs being twdee the length of the shorter, 
when the former are opened to any given line, the shorter 
ones will be opened to the half of that line. By theh 
means, then, aU the lines of a ch’awmg may be reduced 
to one-half, or enlai'ged to double theu* length. These 
compasses are also useful for dividing lines by continual 
bisections. 

Proportional Compasses. 

By means of this ingenious instrument, di-awings may be 
reduced or enlarged, so that all the lines of the copy, or the 
areas or solids represented by its several parts, shall bear* 
any required proportion to the lines, areas, or solids of the 




195 


original drawing. They will also serve to inscribe 
regular polygons in circles, and to take tke square 
roots and cube roots of numbers. In the annexed 
figure the scale of lines is placed on the leg A E, 
on the left-hand side of the groove, and the scale 
of circles, on the same le^ on the right-hand side 
of the groove. The scales of plans and solids are 
on the other face of the instrument. 

To set the instrument it must first be accu- 
rately dosed, so that the two legs appear but as 
one; the nut C being then unscrewed, the slider 
may be moved, until the line across it coincides 
with any required division upon any one of the 
scales. Now tighten the screw, and the com- 
passes are set 

To reduce or enlarge the Lines of a Draioing . — 

Tlio line across the slider being set to one of the 
divisions, 2, 3, 4, &c., on the scale of lines, tlie 
points A, B, will open to double, triple, four times, 

&C., tho distances of the points D, E*. If, then, 
the points A and B bo opened to the lengths of the lines upon a 
drawing, the points D and E will prick off a copy with the lines 
reduced in the proportions of ^ to 1, ^ to 1, ^ to 1, &c. ; but, if 
the points D and E he opened to the lengths of the lines upon 
a drawing, the points A and B will prick off a copy with the 
Ihies enlarged in the proportions of 2 to 1, 3 to 1, 4 to 1, &c. 

To inscribe in a Circle a regular Polygon of any Number of 
Sides from 6 to 20.— The Une across the slider being set to 
any number on the scale of circles, and the points A and B 
being opened to the length of any radius, the points D and E 
•will prick off a polygon of that number of sides, in the circle 
described with this radius; thus, if the line across the slider 
be set to the division marked 12 on the scale of circles, and a 
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circle be described with the radius A B, D E will be the 
chord of a y^th part of the circumference, and will prick off a 
regular polygon of 12 sides in it. 

To reduce or enlarge the Area of a Drawing . — The num- 
bers upon the scale of plans are the squares of the ratios of 
the lengths of the opposite ^ends of the compasses, when, 
the line across the slider is set to those numbers ; and, the 
distances between the points being in the same ratio as the 
lengths of the corresponding ends,* the areas of the drawings, 
and of the several parts of the di’awings, pricked off by these 
points, will have to one another the ratio of 1 to the number 
upon the scale of plans to which the instrument is set f. Thus 
if the line across the slider be set to 4 on the scale of plans, 
the distance between the points A and B will be twice as great 
as the distance between D and E ; and, if A and B be opened 
out to the lengths of the several lines of a drawing, D and E 
will prick off a copy occupying :|th the area; if the line across 
the slides be set to 5 on the same scale, the distances between 
the points will be in the ratio of 1 to y'S, and the area of 
the copy pricked off by the points D and E will be '^th of the 
area of the drawing, of which the lines are taken off by A and 
B : conversely, if the lines of the drawing be taken off by the 
points D and E, the points A and B will prick off a copy, of 
which the area will be 4 times or 5 times as great, according 
as the line across the slider is set to the division marked 4 or 
5 on the scale. 

To take the Square Root of a Numbei \ — The line across the 
slider being set to the number upon the scale of plans, open 
the points A and B to take the number from any scale of equal 
parts, then the points D and E applied to the same scale of 
equal parts will take the square root of the number. Thus, 
to take the square root of 3, set the line across the slider to 3, 
open out the compasses, till A and B take off 3 from any scale 

=*■ Euclid, Book vi., Prop. 4. 

t Euclid, Book vi,, Props. 19, 20 ; and Book xii., Prop. 2. 
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Fe^ual parts, and the points D and E will talce off 1-73, \Yhich is 
10 square root of 3, from tlie same scale of equal parts. A 
lean proportional between hvo namhers, being the square root 
f their product, may be found by multiplying the numbers 
ogether, and then taking the square root of the product in the 
nanner explained above. 

Tlie numbers of the scale of solids are the cubes of the ratios 
)f the lengths of the opposite ends of the compasses, when the 
ine across tho slider is set to those numbers ; so that, when 
ihls line is set to the division marked 2 upon the scale of 
solids, the distance between the points A and B will give the 
side of a solid of double the content of that, of winch a like 
side is given by the distance of the points D and E when the 
lino is set to 3, the respective distances of tie points ^rill give 
tho like sides of solids, the contents of wJiich will be ia the 
proportion of 3 to Ij and so on. 

T/te Cude Root of a given number may bo found by 
setting the lino across tho slider to tlie number upon the 
scale of solids, and, opening tho points A, B, to take off 
the number upon any scale of equal parts, tlie points D, E, 
will then take off tho required cube root from tlie same scale. 

The Bea2i Compasses. 

This instrument, consists of a beam. A, A, of any length re- 
quired, generally made of well-seasoned mahogany. Upon 
its face is inlaid throughout its whole length a slip holly or 
boxwood. Of a, upon which are engraved the divisions or scale, 
cither feet and decimals, or inches and decimals, or whatever 
particular scale may be required. 

Two brass boxes, B and 0, are adapted to the beam; of 
which the latter may he moved, by sliding, to any part of its 
lengtli, and fixed in position by tightening the clamp screw 
E, Connected with tho brass boxes are the two points of the 
instrument G and H, which may be made to have any extent 
of opening by sliding tlie box C along the beam, the other box 
B, being firmly fixed at one extremity. 


IDS 



T]ic objocfc to be attained, in tlie use of tliis mstruinent, is 
tlie nice adjiistnienfc of the points G, H, to any definite distance 
apart. Tin's is accomplished by two vernier or reading plates 
b, c, caeli fixed at the side of an opening in the brass boxes to 
;vhicli they arc attached, and affording the means of minutely 
subdividing tlic principal divisions a, a, on the beam, which 
appear tln-ough those openings. D is a clamp screw for a 
similar purpose to tlic screw E, namely, to fix the box B, and 
prevent motion in the point it carries after adjustment to posi- 
tion. E is a slow ' motion screw, by which the point G may 
bo moved any very minute q^uantity for perfecting the setting 
of the instrument, after it has been otherwise set as nearly as 
possible by the hand alone. 

The method of setthig the instrument for use may be mider- 
stood from the above description of its parts, and also by the 
following explanation of the method of examining and correcting 
the adjustment of the vernier,, h, which, like all other mecha- 
nical adjustments, will occasionally get deranged. This verifica- 
tion must be pei'formed by means of a detached scale. Thus, 
suppose, for example, that our beam compass is divided to 
feet, inches, and tenths, and subdivided by the vernier to hmi- 
dredths, &c. Eirst, set the zero division of the vernier to the 
zero of the principal divisions on the beam, by means of the 
slow motion screw F. This must be done very nicely. Then 
slide the box C, with its point G, till the zero on the vernier 
c, exactly coincides with any principal division on the beam. 
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as twelve inches or sis inches, &c. To enable us to do this 
with extreme accuracy some superior kinds of beanr compasses 
have the box 0 also furnished with a tangent or slow motion 
screw, by wliich the setting of the points or divisions may be 
performed with the utmost precisioii. Lastly, apply the pobts 
to a similar detached scale, and, if the adjustment be perfect, 
the mter val of the points, G, H, will measure on it the distance 
to which they were set on the beam. If they do not, by ever 
so small a quantity, the adjustment should he corrected hy 
turmng the screw P till the pobts do exactly measure that 
quantity on the detached scale j then, by loosenbg the little 
screws which hold the vermer d in its place, the position of 
the vernier may be gradually changed, till its zero comcides 
with the zero on the beam; and, then tightenbg the screws 
agab, the adjustment will he complete. 

In the above wo have described the Beam Compass, but 
for all practical purposes, it is sufficient to have the beam 
made of •well-seasoned mahogany, and to dispense with the 
scale and vernier. The box B, bebg made movable on 
die beam, by means of the tangent screw P, the box 0, can 
be slid along the beam to any extent, and the pobts G and H, 
applied to a scale of equal parts and adjusted to any nicety by 
the screw F. 

* Beam Compasses made of ivood, are preferable to those of 
brass or other metal, the latter bemg sulyect to greater ex- 
pansion on account of the changes in the state of the atmos- 
phere; they are also easily made uphy anyhazar carpenter. 

The Bbawihg 

This mstrument is used for drawing straight Imes, It 
consists of two blades with steel points, fixed to a handle ; 
and they are so heat, that a sufficient cavity is left between 
tlicm for the mk, when the ends of the steel pobts meet close 
together, or nearly so. The blades are set with the pobts 
more or less open by means of a mill-headed screw, so as to 
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blades is fi^amelTvith^r^otf 

‘r:^c’::.-6iBrp::*:::, 

b te descnbed. The ch^wmg pen should be W 0^0 ' 
the straight edge, and in the same dii-ection din-m^ the ^vh 1 
operation of 'di-awing the line, ^ 
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• 

Foi draiving close parallel lines in mechanical and arclii- 
tectural di’awings, or to represent canals or roads, a double 
pen (Fig. 2) is freq^uently used, with an adjusting screw to set 
the pen to any recjuired small distance. This is usually 
called the load pen. The best pricking point is a fine needle 
held in a pair of forceps (Fig. 3). It is used to mark the 
intersections of lines, or to set off divisions from the plotting 
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scale and protractor- Tliis point may also be used to prick 
through a 'drawing upon an intended copy, or, the needle 
being reversed, the eye end forms a good tracing point 

A Straight Edge. 

As many instruments are required to have straight edges 
for tiio purpose of measuring distances, and of drawing straight 
lines, it may bo considered important to test the accuracy of 
such edges. Tliis may be done by placing two such edges 
iu contact and sliding them along each other, wliile held up 
between the eye and tbe light: if the edges fit close in some 
parts. So as to exclude the light, but admit it to pass between 
tliem at other parts, the edges are not true ; if, however, tlie 
edges appear, as far as the test has now proceeded, to be true, 
still this may arise from a curvature in one edge fitting into an 
opposite'eurvature in the other; the final step then is to take 
a third edge, and try it in the same manner with each of the 
other two, and, if in each case the contact be close throughout 
the whole extent of the edges, tlien they are all three good. 

" To draw a strmght lino between two points upon a plane, 
we lay a rule so that the straight edge thereof may just pass 
by the two points; then, moving a fine pointed needle, or 
drawing pen, along this edge, we draw a line from, one point 
to the otlier, which, for common purposes, is sufficiently exact ; 
but, where great accuracy is required, it will be found ex- 
tremely difficult to lay tbe rule equally with respect to both 
the points, so as not to be nearer to one point than the otlier. 
It is difficult also so to carry the needle, or pen, that it shall 
neither incliuo more to one side than the other of the rule ; 
and thirdly, it is very difficult to find a rule that shall be 
perfectly straight, 

“If the two points be very far distant, it is almost im- 
possible to draw the line wdth accuracy and exactness; a 
circular lino may be described more easily, and more cx- 
actly, than a straight or any other line, though even then 

2 C 
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many tiilTicultios occur, -when tlie circle is required to be of a 
largo radius. 

“ And lot no ono consider these reflections as the effect of 
too scrupulous exactness, or as an unnecessary aim at pre- 
cision; for, as the foundation of all oiu* knowledge in geo- 
graphy, navigation, and ustrononi}'’, is built on observations, 
and all observations are Jiiade with instruments, it follows 
that the trutli of tlic observations, and the accui’acy of the de- 
ductions therolroin, null imincipally depend on tlie exactness 
with which the instruments are made and divided, and that 
those sciences will advance in proportion as these are less dif- 
ficult in their use, and more perfect m the performance of 
their ros^jcctive operations.” 

Of Parallel Pules. 

Paralhl lines occm* so continually in every species of 
mathematical drawing, that it is no wonder so many instru- 
ments have been contrived to delineate them with more expe- 
dition than could be eftected by the general geometrical 
methods; of the vmdous contidvances for tlais purpose, the 
following are those most approved. 

2'hc Coiiwion Parallel Rule. — ^Phis consists of two straight 
rules, which are coimected together, and always maintained 
in a pai’allel position by the two equal and pai-allel bars, which 
move very freely on their centres, or rivets, by which they 
are fastened to the rides. 



The Double Parallel Rale. — ^This instrument is constructed 
exactly upon the same principles as the foregoing, but with 
this advantage, that in using it, the movable rule may alAvaya • 
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be so placed, that its ends may be exactly over, or oven with 
the ends of tJio /ixed rule, whereas in tJie former kind, they 
are alu ays sliifting away from the ends of the fixed rule ; it 
consists of two equal flat rules, and a middle piece ; they are 
coiwjected together hy four brass bars, the ends of two bars 
are rivetted on the middle line of one of the straight rules j 
the ends of the other t>vo bars are rivetted on the middle line 
of the other straight rule; the other ends of the brass bars 
are taken two and two, and rivetted on the middle piece, as is 
e\ ident from the figure. It w ould be needless to observe, that 
the biuss bars move freely on them rivets, as so many ceJitres. 



TAc CrosS‘Larred Parallel Rule . — In tins, two straight rules 
are joined by two brass bars, which cross each other, and turn 
on their intersection as on a centre; one end of each bar 
mo\ es on a centre, the other slides in a groove, as the rules 
recede from each other. 



As the three parallel mles above described are all used iu 
the same n ay, one problem wall serve for them all. 
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A right line being given, to draw a line parallel thereto by 
either of the foregoing instruments : 

Set the edge of the uppermost rule to the given hne ; press 
tlie edge of the lower rule tiglit to the paper with one hand, 
and with the other move the upper rule, till its edge coincides 
with the given point ; and a line drawn along the edge through 
the point is the line requmed. 

The Rolling Parallel Rule, is a rectangular parallelogram of 
black ebony or brass. It is supported by two small wheels, 
which ai-e connected together by a long axis, the wheels being 
exactly of the same size, and their rolling surfaces being- 
parallel to the axis. When they are rolled backwards or for- 
wards, the axis and rule will move in a direction parallel to 
themselves. 





The wheels are somewhat indented, to prevent them sliding 
on the paper. Li rolling these rules one hand only must 
be used, and the fingers should be placed- nearly in the mid- 
dle of the rule that one end may not have a tendency to 
move faster than the other’. The wheels only should touch 
the paper when the rrde is movmg, and the sm’face of the 
paper should be smooth and flat. This rule is sometimes made 
with slips of ivory laid on the edges and divided into inches 
and tenths. 
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OV SCALL«! 

Sc \.LES of oc^ual parts are used for nionsunrig straight lines, 
and hying doiMi distances, each part ansi>ering for one foot, 
one yard, one chain, &c., as may he convement, 'iiid the plan 
will ho larger or smaller as the scale contains a smaller or a 
greater number of parts m an inch 

Scilcs of equal paits may be divided into tliree kinds, 
simply divided scales, diagonal scales, and vernier scales 
Simphj divided Scales — Simply divided scales consist of any 
evtent of equal divisions, which are numbered 1, 2, 3, &c , 
beginning irom tlie second division on the left hand ‘Ihe 
first of these primary dinsions is subdivided into ten equal 
parts, and from these last divisions the scale is named. Tims 
It 13 called a scale of 30, when 30 of these small parts are equal 
to ono mch. If, then, these subdivisions be taken as imits, 
each to represent one mile, for instance, or one chain, or ono 
foot, &C., tho pnraary divisions will be so many tens of miles, 
or of chains, or of feet, &c. , if the subdivisions are taken as 
tens, the primary divisions will be hundreds, and, if tho 
primaij diusions be umte, tlic subdivisions uill be tenths 
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't'he above diagram rpprc\sent:j six of tbc slnijdy clividecl 
scales, which are generally placed ujion tlm i)lain scale. To 
adapt them to feet and iaclies, tlio first primary division is 
tlivided daotlccimally upon an upper line. To lay down 
ddO, or GG, or 3.6, See., from any one of these scales, 
extend tlie compa.-'ses from the primary division numbered 3 
to the Gtii lower subdivision, reckoning backw:mls, or towards 
the left hand. To take off any niunber of feet and inches, 
0 feet 7 inches for instance, extend the compasses from the 
primary division numbered G, to the 7th upper subdivision, 
reckoning backwards, as before. 

Diagonal Scales . — In the simply divided scales one of the 
primary divisions is subdivided only into ten equal pai’ts, and 
the parts of any distance which are less than tenths of a pri- 
mary division cannot be accimitely taken oft’ from themj but, 
by means of a diagonal scale, the parts of any distance which 
are the hiuidredths of the primary divisions are correctly in- 
dicated, as will easily be understood from its construction, 
which we proceed to describe. 

Draw eleven parallel equidistant lines ; di\dde the upper of 
these lines into equal pai’ts of the intended length of the 
primary divisions ; and througli each of these divisions draw 
perpendicular lines, cutting all the eleven parallels, and 
number these primai’y divisions, 1, 2, 3, &c., beginning from 
the second. 

Subdivide the first of these primary divisions into ten equal 
parts, both upon the highest and loAvest of the eleven parallel 
lines, and let these subdivisions be reckoned in the opposite direc- 
tion to. the primary divisions, as in the simply divided scales. 
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Diaw tlic diagonal lines from tlxe tenth subdivision below to 
the ninth above From the pmtii below to the eighth abov e, and 
so on, till no come to a line from the first below to the zero 
point above Then, smee these diagonal lines are all parallel, 
and consequently every wheie equidistant, the distance between 
any two of them m succession, measured upon any of the elev en 
parallel lines wluch they intersect, is the same as this distance 
measured upon tlie highest or lowest of these hues, that is, as 
one of tlie subdivisions befoie mentioned But the distance 
between tlie perpendicular, wluch passes tbiough the zero 
point, and the diagonal through the same point, being nothing 
ou the Ligliest hue, and equal to one of the subilivions on the 
lowest line, is equal* to one-tenth of a subdivision on the second 
line, to two tenths of a subdivision on tlio tlurd, and so ou , so 
that this, and consequently each of tlie other diagonal lines, as 
it reaches each successive paialiel, separates furthei from the 
perpendicular through the zero point by one-tcntli of the extent 
of 1 subdivision, 01 ont-bxmJiedth of the extent of a primary 
division ' 



Ihe above figure represents the two diagonal scales which 
arc usually p] iced upon the plain scale of si\ inches in length 
In one, the distances between the piimary divisions are each 
li ilf an inch, and in the other a quarter of aii mch 1 he 
parallel next to the figures numbeimg these divisions must be 
considered the luglicst or first parallel in each of these scales 
to accord vvitli the above description 

1 lie primary div isions being taken for units, to set off tlie 
nuuibtis 5 74 by the diagonal scale Set one foot of the 

* EucIiiL Book Ti , Prop 4 
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compasses on t]ie point where the fifth parallel cuts the eighth 
diagonal luie, and extend the other foot to the point where 
the same parallel cuts the fifth vertical line. 

The primary divisions being reckoned as tens^ to take off 
the number 46.7. Extend the compasses fi-om the point where 
the eighth parallel cuts the seventh diagonal to the pomt 
where it cuts the fourth vertical. 

The primary divisions being huncli’eds, to take oif the nmn- 
ber 253. Extend the compasses from the point where the 
fourth parallel cuts the sixth diagonal to the pomt where it 
cuts the second vertical. 

Now, since the fii'st of the parallels, of the diagonals, and of 
the verticals indicate the zero pomts of the tim’d, second, and 
first figures respectively, the second of each of them stands 
for, and is mai’ked, 1, the thud, 2, and so on, and we have the 
following general rule ; 

To take off any number to three places of figures upon a 
Diagonal Scale . — On the parallel indicated by the third 
figure, measure fr’om the diagonal indicated by the second 
figm’e to the vertical indicated by the fii-st. 

Vernier Scales. — The nature of these scales will be under- 
stood from their construction. To construct a vernier scale, 
which shall enable us to take off a number to three places of 
figures, divide all the primary divisions into tenths, and num- 
ber these subdivisions, li 2, 3, &c., from the left hand towards 

t 

the ri^ht thi’oun'hout the whole extent of the scale. 









Take off now, with the compasses, eleven of these subdi- 
visions, set the extent off* backwards from the end of the first 
primary division, and it will reach beyond the beginning of 
this division, or zero point, a distance equal to one of tlie sub- 
divisions. Now divide the extent thus set off* hito ten equal 
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puts, mailing tUe divisions on the o^iposite side o? the divided 
hno to the sttohes mvkwg the piimary divisions and the suh- 
dn isions, and iiumher tliem 1> 2^ 3, &c., backwards from right 
to left. Then, since the extent of eleven subdivisions has 
been, divided into ten equal parts, so that tiiese ten parts 
cvcccd by one subdivision the extent of ten subdivisions, each 
one of these equal parts, or, as it may be called, one division 
of the veimcr scale, exceeds one of tlie subdivisions by a tenth 
part of a subdivision, or a hundredth part of a primary divi- 
sion 3h our figure the distances between the primary divi- 
sions are each one inch, and, consequently, the distances be- 
tween the subdivisions are each one-tenth of an inch, and the 
ilistancc between the divisions of the vernier scale each one- 
tcjitli and oue-hundredtii of an inch. 

To take off the numbei 253 from this scale Increase the 
first figure 2 by 1, mailing it 3, because the vernier scale 
commences at the end of the first primary division, and the 
primary divisions are measured from this point and not from 
the zero point. * Tbo first thus increased with the second now 
represents 35 of the subdivisions from the ^eio point, from 
nlnch the third figure, 3, must bo subtracted, leaving 32 , since 
tlvrcc di\ isions of the vernier scale w dl coutam three of these 
subdivisions, together with thrce-tenftis of a subdivision Place 
then, one pomt of the compasses upon the third division of the 
icinier scale, and extend the otlier point to the 32nd subdivi- 
sion, or the second division beyond the 3rd primary division, 
and, lajmg down tlio distance between the pomts of the com- 
pass, it will represent 253, or 25 3, or 2 53, according as the 
primary divisions are talcen as hundreds, tens, or units 

Goiernl jiule — To take off any number to tliree places of 
figuics upon tins \ermcr scale Increase tlie first figure by 
one, suhUact the third figure fiom the second, borrowing one 
from the hr»t mereased figuie, if necessary, and extend the 

• IfUie >crncr scale were pHccd to iheleft of the zero poiuf, a tlisiaace 
Ies3 lhau one prioar} (Ummoq could ool aliajs be found upon lljo scale 

2 B 
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coinpa.srfc.s from the division upon the vernier scale, indicated 
hy the tliird figure to the subdivision indicated by the number 
remaining after performing tlie above subtraction. 

Suppose it were required to take off the number 253.5. By 
extending the compasses from the third division of tlie vernier 
scale to the d2nd subdivision, the number 253 is taken off, as 
we have seen. To take otlj therefore, 253.5, the compasses 
must be extended from one of these points to a short distance 
beyond the other. Again, by extending the compasses from 
the 4th division of the vernier scale to the 31st subdivi- 
sion, the number 2d4 would be taken ofh To take off 2o3.5, 
then the compasses must be extended from one of these points 
to within a short distance of the other ; and, by setting the 
compasses so that, when one point of the compasses is set 
successively on the 3rd and 4th division of the vernier scale, 
the other point reaches as fm* beyond the 32nd subdivision as 
it falls short of the 31st, the number 253.5 is talcen off. If 
the excess in one case be twice as great as the defect in the other, 
the distance represents the number 253§, or 253*G6,* and if the 
excess bo half the defect, the distance represents 253-^, or 
253*33. Thus distances may be set off with an accimately 
constructed scale of this kind to Avithin the three-hundredth 
part of a primary division, unless these divisions be them- 
selves very small. 

We are not aAvare that a scale of tliis kind has been put 
upon the plain scales sold by miy of the instrument makers ; 
but, diu’ing the time occupied in plotting an extensive survey, 
tlie paper Avhich receives the AA*ork is affected by the changes 
Avhich talce place in the hygrometrical state of the air, and the 
parts laid doAvn from the same scale, at different times, will 
not exactly correspond, mdess tliis scale has been first laid 
doAvn upon the paper itself, and all the divisions have been 
taken from the scales so laid doAvn, Avhich is always in the same 
state of expansion as the plot. For plotting, then, an extensive 
survey, and accurately filling in the minutiae, a diagonal, or 
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vernier scale may advantageously be laid down upon tlie paper 
upon winch tho plot is to be mode. A vernier scale is pre- 
ferable to a diagonal scale, because in the latter it is extreme- 
ly difficult to di-aw the diagonals with accuracy, and wo 
have no clieck upon its errors; while in the foimier the uniform 
manner in which tho strokes of one scale separate from those 
of tho other is some evidence of tlie truth of both. 

On the PfiOTRACTiNG SCALES. 

The nature of these scales will be understood from the fol- 
loiving construction. (Plate II. Pig. 1.) 

With centre O, and radius OA, describe the circle ABCD ; 
and through the centre O draw the diameters AO, and BD, 
at right angles to each other, which will divide the circle into 
four quadrants, AJ3, BC, CD, and DA. 

Divide tho quadrant CD into nine equal parts, each of 
which will contain ten degrees, and these parts may again be 
subdivided into degrees, and, if the circle be sufficiently large, 
into minutes. 

Set ono foot of the compasses upon 0, and transfer tho divi- 
sions in the quadrant CD to the right line CD, and wo shall 
ha>c a scale of Chords.* 

Prom tho divisions in the quadrant CD, draw right lines 
parallel to DO, to cut the radius OC, and, numbering tho 
<li\ isions from O, towards C, we shall Iiave a scale of Sines, 

If tho same divisions be numbered from C, and continued 
to A, -wo sluU have a scale of versed sines. 

• ^Y■o gno tbe construclioos la the text to show the nature of tho scales { 
but in practice, a scale of chords is most accurately constructed by values 
computed from tabulated arithmetical values of sines, which computed values 
arc set off from a scale of equal parts , and tho circle is divided most accu- 
rately by means of such computed chords. The limits of this work forbid our 
inlcnng further upon this interesting subject. All the other scales iviU also 
be most accurately constructed from computed arithmetical values taken off 
by means of tho beam compasses hereafter described, and corrected by tho 
aid of a good Bird's vernier scale. 
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E rom tlio centre O, draw right lines through the divisions 
of the quadrant CD, to meet the line OT, touching the circle 
at C, and, numbering from 0, towards T, we shall have a scale 
of Tangents. 

Set one foot of the compasses upon the centre O, and trans- 
fer the divisions in CT into the right line OS, and we shall 
have a scale of Secants. 

Eight lines, dra\vn from A to the several divisions in the 
quadrant CD, will divide the radius OD into a line of Semi- 
tangents, or tangents of half the angles indicated by the 
numbers; and the scale may be continued by continuing the 
divisions from the quadrant CD, through the quadrant DA, 
and di’awing right Imes from A, through these divisions to 
meet the radius OD, produced. 

Divide the quadrant AD into eight equal parts, subdivide 
each of these into foui’ equal parts, and, setting one foot of 
the compasses upon A, transfer these divisions to the right line 
AD, and we shall have a scale of Ehumbs. 

Divide the radius AO into 60 equal parts, and number them 
from O towards A; through these divisions draw right Hues 
parallel to the radius OB, to meet the quadrant AB ; and, with 
one foot of the compasses upon A, transfer these divisions from 
the quadi’ant to the right. line AB, and we shall have a scale 
of Longitudes. 

Place the chord of 60®, or radius,* between the radii 00 
and OB, meeting them at equal distances from the centre ; di- 
vide the quadrant CB into six equal parts, for intervals of 
hours, subdividing each of these parts into 12 for intervals 
of 5 muiutes, and further subdividing for single minutes if the 
^ circle be large enough; and fi’om the centre O, draw right 
lines to the divisions and subdivisions of the quadrant, inter- 
secting the chord or radius placed in the quadrant; and we 
shall have a scale of Hours. 


* Chord of 60° is equal to radius. Part I. Chap. 2, Tlicor. 11. 
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Prolong the touching line TC to L; set off the scale of 
sines from 0 to L; draw right lines from the centre O to tlie 
dU isions upon CL, and from tlie intersections of these lines 
with the q^uadi-ant CB draw right lines parallel to the radius 
OC, to meet the radius OB, and ne sliail have a scale of Lati- 
tudes.* 

Corresponding lines of hours and latitudes may also he con- 
structed (as represented in our figure) more simply, and on a 
scale twice as large as by the preceding method, as follows; 

With the chord of 45® set off from B to E, and again from 
B to F, we obtain a quadrant EF bisected in B ; and, tlie 
chord of 60® or radius being set off from A, C, F, and E, this 
quadrant is divided into six equal pai'ts. From the centre O, 
draw straight lines through these divisions to meet the lino 
touching tho circle at B, and wo slmll have the line of Hours. 

From tho point D, draw right lines tlirough the divisions 
upon tho line of sines 00, to meet tlie circumference BO, 
and trausfering tliesc divisions fi*om B, as a centre to tlio cljord 
BO, wo shall have the corresponding line of Latitudes. 

It is not necessary that these scales should all he projected 
to the same radius; but those which are used together, as the 
rhumbs and chords, tho chords and longitudes, the sines, tan- 
gents, secants, and semi-tangeuts, and, lastly, the hours and 
latitudes, must bo so constructed necessarily. In the diagi’am 
(Plate II. Fig. 2) wo have laid down the hours and latitudes 
to a radius equal to the whole length of tjjo scide, tlie oUicr 
lilies being laid down to tlio radius used in the foregoing con- 
struction. 


* Tbo lino of latitudes is a lino of iuncs, to radius equal the whole length 
of tho Imo of hours, of tho angles, of which the tangents arc equal to tho 
wnes of tho latitudes. Tlic nicIdJo of tho (tour line being numbered for three 
o'clock, tho dnisions for the other hours are found by setting oft both ways 
from llio middle the tangents of n. 15% «. being tho number of hours from 
three oclock, that is, one for two o’clock, and four o’clock, two for one 
o’clock and fno o'clock, and three for t«d»c o’clock and sbt o’clock. 
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The Line of Chords is used to set off an angle, or to measure 
an angle already laid down, (Page 29, 30.) 

The Like of Rhumbs is a scale of the chords of the angles of 
deviation from the meridian denoted by the several 23 oints and 
quarter points of the compass, enabling the navigator, without 
computation, to lay down or measure a ship’s com’se upon a 
chart. Thus, supposing the ship’s course to be 
Through the pomt A, representing the ship’s 
jdace upon the chart, draw the meridian AB, ' 
and with centre A and distance eqnal to the 
extent of 60° upon the line of chords, describe 
an arc cutting AB in B; then on the hne of 
rhiunbs talie the extent to the third subdivision 
beyond the division marked 2, because N.N.E. 
is the second point of the compass from the 
north, and with one foot of the compasses on B describe an 
ai’c intersecting BC in C : join AC, and the angle BAG will 
represent the ship’s course. On the other hand, if a ship is 
to be sailed from the point A to a point on the line AC on a 
chart, draw the meridian AB, describe an arc BC with radius 
equal to the chord of 60°, as before, and the extent from B to C, 
applied to the line of rhumbs, will give 2 Pts. 3 Qrs., denoting 
that the ship must be sailed by the compass N.N.E. | E. 

The Line of Longitudes shows the number of equatorial miles 
in a degree of longitude on the parallels of latitude indicated 
by the degrees on the corresponding points of the line of chords. 

Exam-pie. — A ship in latitude 60° N. saihng E. 79 miles, 
required the difference of longitude between the beginning and 
end of her course. Opposite 60 on the line of chord stands 30 
on the hne of longitudes, which is, therefore, the number of 
equatorial miles in a degree of longitude at that latitude. 

Hence, as 30 : 79 : : 60 r 158 miles, the reqrdred difference 
of longitude. 

The Lines of Sines, Secants, Tangents, and Semi-tangents 
are iwincipally used for the several projections, or perspective 
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representations, of tlio cu’cles of llie sphere, by means of wliicli 
maps are constructed. Thus, the meridians and parallels of 
latitude being projected, the countries intended to be repre- 
sented are ti'aced out according to their respective situations 
and extent, the position of every point being deteiTnined by the 
intersection of its given meridian and parallel of latitude. 

SfAUQuois’ Scales. 

These scales consists of a right-angle triangle, of which the 
hj'potlienusG or longest side is three times the lengtli of the 
shortest, and two rectangular rules. The accompanying diagram 
represents the triangle and one of the rules, as being used to draw 



a scries of parallel lines. Either rule is one foot long, and has, 
parallel to each of its edges, two scales, one placed close to the 
edge and the otlier immediately within this, the outer being 
termed the artificial, and the inner, die natural scale. The divi- 
sions upon the outer scale are three times the length of those 
uj)on the inner scale, so as to bear the same proportion to each 
oUicr that the longest side of the triangle bears to the shortest 
Each inner, or natural scale, is, in fact, a simply divided 
scale of equal parts having tlic primary divisions num- 
bered from the left hand to the right throughout the whole 
extent of the rule. The first primary division on the left hand 
is subdivided into ten equal parts, and the number of these 
subdivisions in an inch is marked underneath the scale, and 
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^i\Oi it its ii.'iine. Oa one of thopair of i\Iarquois’ scales now 
bulbru as, we have, on one face, scales of 30 and 60, on the 
obverse, scales of 25 and oO, and on tlic otlier wc liavo on one 
face sc.ales of 35 and 45, and on tfie obverse, scales of 20 and 40. 
fa the artifical scales the zero pohit is placed in the middle of 
the ed;,m of the rule, and the priniarj divisions ai'c numbered 
both ways from tin's point to the two ojkIs of the rule, and are 
every one, subdivided into ten equal parts, each of which is, 
consequently, three times the length of a subdivision of the 
corresponding natural scale. 


Tlie triangle has a short lino drawn perpendicular to the 
hypothenuse Jiear the middle of it, to serve as an index or 
pointer ; and the longest of the other two sides lias a sloped edge. 

draw a Line parallel to a given Line, at a given Distance 
from it, 1st. Having applied the given distance to the one of 
the natural scales which is found to measure it most con- 
veniently, place the triangle witli its sloped edge coincident 
witli the given line, or rather at such small distance from it, 
tluit the pen or pencil passes directly over it when di’awn along 
this edge. 2nd. Set the rule closely against the hypothenuse, 
making the zero point of the correspontUng artificial scale 
coincide with the index upon the triangle. 3rd. Move the tii- 
anglc along the rule, to the loft or right, according as the re- 
quired line is to be above or below the given line, until the 
index coincides with tlio division or subdivision corresponding 
to the number of divisions or subdivisions of tbe natural scale, 
which measures the given distance ; and the line drawn along 
the sloped edge in its new position will be the line requii'ed. * 


* If ABC represent the triiinglc in Us new position, and the dotted lines 
represent its original position, wo have, 
by similar triangles, ABC, A' AD, 
ad : AAf :: BC : BA 

1 : 3 j 

and therefore AD contains as many 



divisions of the natural as AA' con- 
tains of the artilicial scale. 
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iVtj/e.— The natural scale may be used advantageously in 
setting offthc distances in a drawing, and the corresponding 
artificial scale in drawing parallels at required distances. 

To draw a Line perpendicular to a given Line from a given 
point in it. 1st hfako the shortest side of the tiuangle coin- 
cido ^vith the given line, and apply the rule closely against 
the liypothenuse. 2nd. Slide the triangle along the rule until 
a line drawn along the sloped' edge passes through the ^ven 
iwint ; and the line so drawn udll be the line required. 

The advantages of hlarquois’ scales are: 1st, that the sight 
is greatly assisted by the divisions on the artifical scale 
bciiig'so much larger than tliose of the natural scale to which 
tlio drawing is constructed: 2nd, that any error iit the settbig 
of the index produces an cn'or of but one-third the amount 
in the draiving. 

If the triangle be accurately constructed, these scales may 
ho advantageously used for dividing lines with accuracy and 
despatch. 


Plotting Scales. 

Plotting scales, also called feather-edgo scales, are straight 
rules, usually about ten or twelve inches long. Each rule 
has scales of equal pai-ts, decimally divided, placed upon its 
edges, >Yluch are made sloping, so tliat the extremities of the 
strokes marking the divfeions lie close to the paper. The 
primaiy divisions represent cli.-uns and the subdivisions, con- 
sequently, ten links each, as there are 100 links on the sur- 
i-eyiiig chain. Plotting scales may be procured in sets, each 
with a diderent number of chains to tlie inch. 

The advantages of this arroiigcmeut are, that the distances 
required can be transferred with ^eat expedition from the 
scale to the paper by the aid of the priddng point alone, and 
the marks denoting the divisions are in no danger of becoming 
(- a ,as u[ion the plain scale, by the .frequent application 
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Foi* plotting otFsots, measured to the right and left of 
station lines, ivory or brass scales with fiducial edges maybe 
employed. 



The above diagram represents an ingenious conti’ivaiice for 
an oliset scale; the graduated scale. A, A, is perforated nearly 
its wliole length by a dovetail-shaped groove, for the reception 
of a sliding piece which is fastened to the cross scale, B, B, by 
the screw, C. It will readily be understood from an inspection 
of the figure, that tlie cross scale, B, slides along the scale. A, 
the whole length of the groove, and at right angles to it. 
The graduations on both the scales represent either feet or 
links, &c., or whatever length may have been assimied as the 
unit in the operation of measuring. The mode of its applica- 
tion is sunply this: place the scale. A, A, on the paper, pai-allel 
to the Ime on wliich the offsets are to be plotted, and at such 
a distance, that tlie zei’o division on the cross scale, B, (which 
is placed about its middle) may coincide with it as the scale 
slides along, and also that the zero of the scale. A, inay be 
exactly opposite that end of the line at which the measiue- 
inent commenced; then, in sliding the scale, B, from the 
beginnmg of the line, stop it at every divisional line on A, 
corresponding to the distance on the station line at wliich an 
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off-set was taken, and lay off tlie exact lengtii of the off-set 
from tho edge of the scale, B, citliei to the right or left of the 
station hne, to whicli it will be at riglit angles as taken in tlie 
field, the instrument thus gives both dimensions at the same 
tunc. It IS perhaps needless to add, that the extremities of 
tho off-sets being connected, will represent the curved hne, &c 
to which they were measured, weights may be placed at the 
tuo ends of tho scale, A, A, to keep it steadily m its position 
In our figure, the instrument is reprcsentc^d as m the act of 
plotting off-sets upon a station line 

It may be useful here to add a few remarks on the scales 
used in plotting a survey. 

Ono Cliam to an inch (80 mehes to 1 mile) is perhaps the 
largest scale used in plans of land and road surveys, and is 
adopted only wjiero great clearness is required, and when the 
work IS of limited extent It is a very useful scale for plans 
of budding oi pleasure grounds. 

Tuo Cliamsto an inch (40 inches to 1 mile) is a very clear 
scale for land surveys, tho extent of which is not very gieat 
It may likewise be used witli advantage for gardens and build- 
ing grounds. 

Tlirce Chains to an inch (26^ inches to I mile) has hitlierto 
not been m very general use, it is, however, the smallest scale 
tliat can with safety be used in all cases for plans, from which 
the contents arc to be computed 
Four Chains to an inch (20 inches to 1 mile) is a scale 
frequently employed in plotting surveys of estates, and is 
very convement for either enlargement or reduction 
Smaller scales are usually employed in extensive operations 
0 mehes to 1 mile is a largo scale for the survey of a district, 
4 inches to 1 mile is the scale used on the Revenue surveys for 
V lUage maps , 1 mch to 1 mile for Pergunnah maps, and in 
tho Revenue Surveyor General’s Office, in tho compilation of 
tho Geographical maps, 4 miles to 1 inch is made use of 



CHAPTER IX. 


Instuumrnts for Plotting a Survey. 

In plotting a Survey, as in taking it, clue regard must be 
had to both accimiey and despatch, and we should aim to lay 
down the various points observed with an accm-acy propor- 
tionate to the accuracy of the survey itself. For this purpose 
certain instruments are used, a short description of which we 
will here give. 


Of tue Protractor. 

This is an instrument used to protract, or lay down an angle 
containing any number of degrees, or to find how many degrees 
are contained in any given angle. There are two kinds put into 
cases of mathematical di’awing instruments, one in the form of 
a semicircle, the other in the form of a parallelogram. The 
circle is undoubtedly the only natoal measure of angles; 
when a straight line is therefore used, the divisions thereon 
are derived from a circle, or its properties, and the straight 
line is made use of for some relative convenience : it is thus 
the parallelogram is often used as a protractor, instead of the 
semicircle, because it is in some cases more convenient, and 
that other scales, &c., may bo placed upon it. 
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The Semicircular Protractor. 

Tins instrument is divided into 180 etinal parts or degrees 
which arc numbered at every tentli degree each way, for the 
conYcniencc of reckoning either fi*om t!ie right towards the left 
or from tlie left towards the riglit; or the more easily to lay 
down an angle from either end of the line, beginning at each 
end with 10, 20, &c., and proceeding to 180 degrees. Tlie 
edge is the diameter of tlic semicircle, and the mark in the 
middle points out the centre. 



Tni: Rectangular Protractor. 

Tiie divisions are Iicrc as in the semicircular one numbered 
both ways; the blaiik sido represents the diameter of a circle. 
The side of the protractor to bo applied to the paper is made 
flat, and that whereon the degrees aro marked, is chamfered 
or sloped au'ay to tlia edge, that an angle may he more easily 
measured, and tlie divisions set off >vith greater exactness. 
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Application op the Protractor to use, 

A number of dtyrces behuj fiven, to protract, or lay down 
anyle whose measure shall he equal thereto! , 

■^IV) lay down an angle of 60 de- 
grees from the point A of any line 
AB, apply the diameter of tlie pro- 
tractor to tlio line AB^ so that the 
centre thereof may coincide exactly 
with the point A; then with a pro- ® 
trading pin make a fine dot at C against 60 upon the limb 
of the protractor, now remove the protractor and draw a line 
from A. through the point C, and the angle CAB, contains 
the given nurnher of degrees. 

To find the number of degrees contained in a given angle 

BAG. 

Place the centre of the protractor upon the angular point A, 
and the fiducial edge, or diameter, exactly upon the line AB ; 
then the degree upon the limb that is cut by the line CA, 
will be the measm-e of the given angle, which, in the present 
instance, is found to be 60 degrees. 

1 

From a given point A, in the line AB, to ei'ect a peipendicidar 

to that line. 

Apply the protractor to the line AB, so that the centre 
may coincide with the point A, and the division mai*ked 90 
may be cut by the line AB, then a line DA drawn against 
the diameter of the protractor will be perpendicular to AB. - 


The Circular Protractor. 

The circular protractor is a complete circle. A, A, connected 
■with its centre by four radii a, a, a, a. The centre is left open. 
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and surroiuided by a conccntnc nng, or collar, i, wbicb carries 
two radial bais, c, c To tbe extremity of ono bar is a pinion 
</, working in a tootlied rack quite round the outer circuinfei- 
cnce of the protractor To tbo opposite extremity of tbe 
other bar, c, is fixed a vernier, which subdivides tho primaiy 



divisioiia on the protractor to single imiiutes, and by estima- 
tion to 30 seconds This \cmier, as may readily be under- 
stood from tho engraving, is earned round the protractor by 
turmng tho pmion d. Upon each radial bar, c, c, is placed a 
blanch e, c, carrying at their extremities a fine steel pricker 
ulioso points arc kept above tho surface of the paper by 
springs placed under their supports, which give ^vay when tlie 
br inches are pressed downwards, and allow the pomts to make 
the neccessary punctures in tbe paper Tiie branches e, e are 
attaclied to the bars c, c, with a joint which admits of then 
being folded backwards over the mstrumeut whun not in use, 
vnd for pixckiug in its cascv The centre of the mstrumeut is 
reiircscntcd by tlio intersection of two Imes draivn at right 
angles to each other on a piece of plate glass, which enables 
tho {xirson using it to place it so that the centre, or intersec- 
tion of llie cross-hncs, may coincide with any given point on 



224 


tlio plan. If tlio insti'iimcnt is in correct order, a line con- 
necting the fine pricldng points with each other would pass 
through the centre of the instniment, as denoted by the 
belore-nientioned intersection of tlie cross-lines upon the 
glass, which it may be observed, are dra^vn so nearly level 
with tlic under surface of the iiistriunent as to do away with 
any serious amount of 2 )arallax, when setting the instrument 
over a point from wliich any angular lines are intended to be 
drawn. 

In using this instrument the vernier should first be set 
to zero (or tlic division marked 360) on the divided limb 
and then placed on the paper, so that the two fine, steel 
points may be on the given line (from whence other and 
angular lines are to be dra%vn), and the centre of the in- 
strument coincide with the given angular point on such 
line. Tliis done, press the protractor gently down, wliich 
Avill fix it in position by means of very fine points on the 
mider side. It is now ready to lay off the given angle, 
or any number of angles that may be rec^uu’ed, which is 
done by tuiming the phiion d till the opposite vernier reads 
the required angle. Then press downwards the branches 
c, e which will cause the points to make punctures in the 
paper at opposite sides of the ch’cle; which being after- 
wai’ds connected, the line will pass through the given angu- 
lar point, if the instrument was fii’st correctly set. Li this 
manner, at one setting of the instrument, a great number 
of angles, oi* a complete circular protractor, may be laid 
off from the same point. 


The Circulak Talc” Protractor. 

A VERY serviceable protractor can be made in the followmg 
mamier, especially for field-work ; 



225 



Draw on a piece of paper, a protractor, as in the above 
figure, and of the same size; cut out the circle and’ the 
part marked A, and stick the remainder with a little clean 
paste between two thin pieces of talc ;* when dry, cut tlie talc 
with a pair of scizzors, to the shape of the exterior circle. Be- ‘ 
fore sticking on tho upper piece of talc, draw, on the lower 
piece by scratching, with a needle or point of a pricker, the 
North and South, and East and West lines, intersecting one 
another in the centre ; rub these two lines over with a mixture of 
black lead and oil which will leave an indelible mark, and which 
cannot bo effaced, being protected by tho upper piece of talc. 

• TTfl stroaglj recommend to tha ooUce of all Surreyors the mineral sub- 
stoaca called '^Talc'* it Is procurable in aearl^ every Btuor la India, ood is 
most cscful, generally, where cleanliness is an object, for stickio^ at the bot- 
tom of scales, rules, weights, and indeed anything that has to be moTcd about 
the surface of paper or maps of any kind. ^ 


llie most economical and tlic least troublesome way of pre- 
paring the above protractors, is to ch’aw one very carefully on 
a piece of paper, and get it lithographed ; two or three rupees 
'would pay for striking oil’ a Jmndred, and includhig the price 
of as much talc as would be sufficient to cover them all, they 
would cost the Surveyor about one anna each, and be a ten 
year’s supply to him. 

Tue T Square and Semicircular Protractor. 

We cannot speak too highly of a method by which a survey 



can be most expeditiously as well as accurately plotted, by means 
of the T square and semicircular jn-otractor, the manner of using 
which is thus described by Mr. Howlett,"^ in vol. i. of Papers 
on Subjects comiected with the Duties of the Royal Engineers : — 
As, when away from home, it seldom happens that the 
surveyor can obtain a good drawmg board, or even a table 
with a good straight edge, I fix a flat ruler. A, to the table 
B, B, B, by means of a pair of clamps, C, D, and agamst tliis ruler 
I work the pattern square E, one side of which has the stock 


* Chief draughtsman^ Royal Ordnance Office. 



flush with the blade; or, if a straight-edged board be at baud, 
then the square may be turned over, and used against that 
edge instead of the ruler A. Here, then, is the most perfect 
kind of parallel ruler that art can produce, capable of carrymg 
tlie protractor over tlie whole of a sheet of plotting paper of 
any size, and may he used upon a table of any form. It is 
convenient to suppose the north on the left hand, and the upper 
edge of the blade to represent the meridian of the station. 

“ This protractor i3 held in the hand wlnle the vernier is 
set, ^^hicU is an immense comfort to the sight; and it will be 
seen that, as both sides of the arm are parallel with the zero 
and centre, tlie angle may he drawn on the paper against either 
side, as tlie light or other circumstances may render desirable.” 

From tliis description and a mere glance at the plate, it is 
clear that angles taken witli the theodolite can be transferred 
to the plot as accurately as the protractor can bo set; namely, 
to a single minute, and that, too, in a rapid and pleasant manner. 

These drawing boards and T squares are in use in some of 
the Revenue Surv'oys, they are well adapted for Natives, and 
more particular!)* for such as arc unable to understand the 
correct method of keeping a Field Book. The T rule however 
is generally made to slide along tlie edge of the drawing board, 
the rule having a projecting shoulder for the purpose. TJie 
method of using them, with the circular protractor, will here- 
after be more particularly noticed. 

The Pentageaph. 

Tiie Pentagraph consists of four rulers, AB, AC, DF, and 
EF, made of stout brass. The two longer rulers, AB, and AC, 
arc connected together by, and have a motion round a centre 
at A. Tlio tu'o shorter rulers are connected in like manner 
uitli each other at F, and with the longer rulers at D and E, 
anti, being equal in length to the portions AD and AE of tho 
longer rulers, form ivith them an accurate parallelogram, 
ADFE, in every position of the instrument. Several ivory 
castors support the instrument, parallel to the paper, and allow 
it to mo\e freely o\er it in all directions. TIio arms, AB and 
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DF, arc graduated and marked i See., and liave each a 
sliding index, winch can ho fixed at any of the divisions by a 
inilled-hcaded clamping screw, seen in tlie engravmg. The 
sliding indices have each of them a tube, adapted either to 
slide on a pin rising frorn a heavy circular weight called the 
fulcrum, or to receive a sliding liolder with a pencil or pen, 
or a blunt tracing point, as may be required. 

Wlieii the instrument is coiTCctly set, the tracing point, pen- 
cil, and fulcnim will bo in one straight line, as sho^ra by the 
dotted line in the figiu-e. The motions of the tracing point and 
pencil are then, each coinpoiuidcd of two circular motions, one 
about the fidcrum, and the other about the joints at the ends 
of the rulers upon which they are respectively placed. The 
radii of these motions form sides about equal angles of two 
similar ti’iangles, of which the straight line BO, passing through 
the tracing point, pencil, and fulcrum, forais the third sides. 
The distances passed over by the tracing point and pencil, in 
consequence of either of those motions, have then the same 
ratio, and, therefore, the distances passed over in consequence 
of the combination of the two motions have also the same ratio, 
w^hich is that indicated by the setting of the instrument. 
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Our di!«ram represents tho pcntagrapli in the act of ro- 
dudno a plan to a scale of half the original. Sor tins pur- 
pose the sliding indices are first clamped at tlio divisiotis upon 
the arms marked i ; the tracing point is then fixed in a sotiot 
at C, over the original drawing; the pencil is next placed ui 
the tube' of the sliding index upon tho ruler DF, over tho 
paper to receive the copy; and the falcrum is fixed to that at 
B, upon the ruler AB. The instrument being now ready for 
use, if the tracing point at C bo passed delicately and steadily 
over every line of the plan, a true copy, but of one-half tho 
scale of the oiiginal, will be marked by tho pencil on tlio 
paper beneath it. The fine thread represented as passing from 
the pencil quite round the instrument to tlie tracing point at 
0, enables the draughtsman at the tracing poiiit to rmso tho 
pencil firom the paper, whilst he passes the tracer iiuin oiio 
part of tho ori^al to another, and thus to prevent false lines 
from being made on tho copy. Tlic pencil holder is sunuountr 
ed by a cup, into which sand or shot may ho put, to press tho 
pencil more heavily on the paper, when found necessary. 

If the object were to enlarge the drawing to double its scale, 
then the tracei; must be placed upon the ann DF, and tlio pen- 
cil at C; and, if a copy werercqmred of the same scale as tho 
original, then, the sliding indices still remaining at tho same 
divisions upon DF, and AB, tho fulcrum must take tlieiniddlo 
station, and the pencil and tracing point fitose on the exterior 
arms, AB and AC, of the Instrument. 



JD.Klt fifiC. 

ON SURVEYING, 


CHAPTER I. 

PnELniiNAiiY' Remarks on Surveying in General 
AND First Principles. 

The Practice of Surveying may be considered as divided 
into two branches, viz., such as is conducted on tlie principles 
of Spherical Trigonometry, and sucli as is cai’ried on by the 
rules of Plane Trigonometry. 

For the first, a very considerable acquaintance with Ma- 
thematics is essentially necessary, bnt for the second, a 
sufficient degree of perfection may be obtained by a compe- 
tent knowledge of the rules of Plane Trigonometry. 

The latter consists of foiu* pai’ts, viz. : 

1st. Measurhig sti’aight lines. 

2nd. Finding the position of these straight lines with re- 
spect to each other. 

3rd. Laying down or planning upon paper their positions 
and measurements. 

4th. Obtaining the superficial measure or area of thedand 
surveyed. 

Land Surveying may therefore be defined as the art which 
teaches us to find, how many times any customary measure 
is contained in a given piece of ground, and to delineate the 
true, boundaries thereof in a Plan or Map, in such a manner. 
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that tho Jionzontal dimensious of the features of the earth, 
may he measured by means of a scale^ such as, territorial 
houttdanes, rivei’S, lakes, loads, Jiills, forests, &c 

'liierc aio only two distinct methods, hy which the dimen- 
sions of any piece of lind can bo taken, viz 
1st By the Chain onhj 

2nd By the Cham accompanied -with angulai instruments 
Likewise theie are only two distinct methods, by ^^^llch the 
area or content of any piece of land can be ascertained, viz 
1st Arithmetically 

2nd Geometncallj , by lueasuxing distances on its graphic 
representation 

Is m tho former, theie are vaiious ways of applying tlie 
two methods in practice, so in the latter, the means are equal- 
ly at disposal 

Tlio basis of an acemato survey, undertaken eithei foi 
any extensive geodosical opeiation, such as the measurement 
of an arc of tho ineiidian, or of a parallel , or for the foimation 
of a tcrntorial map, showing the jicsitions of towns, vdlages, 
&.C., and tho boundaries of estates and counties, or a topogn- 
plucal plan for military or statistical purposes, must necessarily 
be an extended sj stem of tnaiigulation, tlio preliminaiy step 
in nhicli IS tlie caicful measurement of a base line on some 
level pi uii at each c\trcmity of this base, angles are taken to 
sev eral surrounding objects previously fixed upon as trigono- 
metrical stations, and a/so, when pr'icticabh, the angles sub- 
tended at each of these points by the base itself The distances 
of ilicse stations, horn the ends of the hose Ime and from each 
other, are then calculated, and laid down on papei, forming so 
inimj fresh bases from whence other trigouometncal points are 
dettrmincd, until the entire tract of country to be suiveyed is 
covered ov er with a net-work of triangles of as large a size as 
13 proportioned to the contemplated extent of the survey, and 
tlie quality and power of the instruments employed Witlim 
tills principal tnangulafion secondary triangles' arc formed. 
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and laid down in like manner by calculation; and the interior 
detail is fdled up between these points^ either entirely by mea- 
surement with the Chain and Theodolite, or by partial mea- 
surement [principally of the roads,] and by sketching the 
remainder witli the assistance of some portable instrument. 

“ In a Hat uncleared country any^ attempt at a system of 
triangulation would be useless. In such cases the only -mode 
of ensuring tolerable accuracy in surveys of gi'eat extent is 
that which has been generally adopted in the construction of 
geographical maps. The latitude and longitude of a number 
of the principal and most conspicuous stations are determined 
by astronomical observations, and the distances between them 
calculated to enable their positions to be laid down as correctly 
as they can be determined by this mode of fixing the relative 
place of each station. In surveying any extended line of 
coast, where the interior is not triangulated, no other method 
presents itself ; and a kuo-wledge of practical astronomy there- 
fore becomes indispensable in this, as in all extensive geode- 
sical operations.*” 

In the year 1823, when the plan of a general survey for 
the whole of India was under discussion, and the first intima- 
tion given of the intention of the Court of Directors, of pub- 
lishing a complete Indian Atlas, on the scale of 4 miles to the 
inch, tlie opinion and advice of that distinguished Geographer, 
Major Eennell, was obtained and in his Minute on the subject, 
he advocated precisely this method, and was all for an Astro- 
nomical basis as the only means of obtaining a geographical 
map of a country, not far short of four times the area of 
France, at a moderate expense and within a reasonable time. 

" All idea therefore,” says Eennell, '' of mensxmation, or a 
series of triangles over the country is out of the question, and 
accordino' to my opinion the only mode in which the work can 
be accomplished with such a degree of general accui-acy, as is 
consistent with the required despatch, is to obtain in the first 
* Trome on Trigonometrical Surveying, 



instance a series of celestial observations of latitudes and lon- 
gitudes, hy which a sufficient number of gieograplucal points 
at proper intervals may he determined in. order to regulate the 
scale of the map, and to furnish the means of correcting that 
of the cursory surveys by which the intervals between those 
points must be filled up. They may also serve to regulate, 
or at least to assist in regulating the distribution of the space 
at largo amongst the different Surveyors. The intervals are 
to be filled up by Compass Bearings, and by time employed as 
a means of distance (which habit will soon render familiar) by 
triangles formed in a coarse way, where the country is favor- 
able by furnishing natural marks, and by latitudes aud lon- 
gitudes finally made subsidiary to the^observations above con- 
templated." This opinion, however, he afterwards changed for 
one, on the Trigonometrical basis, a view taken subsequently 
by Lord William Bentinck, Governor General of India, in his 
masterly hlinute on the subject, wherein he lays down the first 
principles on which a large country should bo surveyed in 
the soundest and most practical manner. The system therein 
developed, however, was not followed out, in all its integrity, but 
the Grand Trigonometrical Survey was permitted to proceed, 
as a skeleton operation, and’the result of the labors of Colonel 
Lambton from tbc commencement of the undertaking in 1799, 
to the present time is fully explained in the Asiatic Researches, 
by this celebrated Geodist, and by his successor, Lieut. Col. 
Everest, in his two ‘^Accounts of the hleasurement of an 
Arc of the Meridian” published in 1830 and 1848, respec- 
tively. 

This survey therefore forms the framework into which the 
present Topographical or Revenue Survey of the present day 
identifies itself. All the districts coming imder the Revenue 
Regulations of the Government both in Bengal and the North 
Western Provinces, may be said to consist for the most part of 
open cleared flat country, and boimdaries being the chief object, 
a system of Periphery measurement is resorted to, which for 
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ocouomy and fiicillty of execution has been found to answer 
admirably, taking tlio enormous extent of work to be accom- 
plislied, and the urgent necessity for a first survey, into 
account. In liilly countries, however, this Indian system of 
Revenue Survey recpiircs modification, it being obvious that 
all lines measured by tlie Chain must be reduced to the hori- 
zontal level ; the angles of elevation therefore in such a coun- 
try must be observed and registered, wliereby the Hypothe- 
nusal Chain work may be reduced to the liorizon in proportion 
to the co-si no of the angle of inclination. But even this pre- 
caution would not be satisfactory in very hilly and rugged 
ground, because the accumulation of Chain measurement error 
under such circumstances must necessarily be great, and 
moreover, on such ground, great facility for triangulation pre- 
sents itself, and which gives horizontal distances at once, with- 
out further calculation or trouble, much more correctly than 
by any other process. 

In addition to these more regular surveys, there are others 
of a more desultory nature, constantly going on in India. 
Route Sui’veys as conducted by the Quarter Master General’s 
establishment, lining out new roads by the Executive Engineer’s 
Department, and exploratory expeditions into neAv and mi- 
known countries, for each of Avhich Ave shall endeavom* to lay 
doAvn some useful rules for guidance. 

In ordinary surveys it is not necessary to enter into calcu- 
lations for the sphericity of the earth, nor indeed many other . 
niceties 1 ‘equired to perform any important Trigonometrical 
operation. On common occasions it suffices to consider the 
earth as a plane or flat surface, and all the sides of the 
triangles as right lines instead of curves, for a degree of 69^ 
English miles, considered as a curve, measures but little 
more than 24 feet longer than its chord ; we cannot therefore 
expect any series of linear measurements, Avith all possible 
care, to come nearer the truth than that Avhen extended to 
several miles. 
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A Topograplucal Sur\ey fiuthei requiies that some of the 
party craplo^jed upon Jt, should bo w ell versed m general out- 
lines of geology^ as a correct description of the sod aud mine- 
ral resources of the different parts of every country forms one 
of its most imjprtant features. The heights of tlip principal 
hills, and of marked points along the ndges, plains, valleys 
and water-courses aho\ e the level of the sea, should also be 
determined, vvJuch on the Ordnance Sun ey of Ireland is done 
by levelling with, the Tlieodohte. In a survey of less preten- 
sions to correctness in mmutc detail, the heights may be ascer- 
tamed with tolerable accuracy by means of the moimtain 
barometer 

A sketch of a certain tract of country, on a far largei scale 
than that of most general maps, is constantly required on 
service, for tho purpose of shewing tlie Mditary features of 
the ground, the relative positions of cities and vdlages, and 
the direction and nature of the roads and rivers compnsed 
witluji its linuts. This species of sketch, termed a "hlihtary 
Reconuoissauce, approaches m accuracy to a regular survey, 
in proportion to tho timo and labor that is bestowed upon it 

“Accurate surveys of a country are universally admitted 
to be works of great public utility, as affordmg the surest 
foundation foi almost every kmd of internal improvement in 
tune of peace, and the best means of forming judicious plans 
of defence against tho mvasions of an enemy in time of war , 
in which lost circumstance their importance usually becomes 
the most apparent. Hence, it happens that if a country has 
not actually been surv eyed, or is but little kno^vn, a state of 
w arfare generally produces the first impiovements in its geo- 
grapliy, for m tho vaiious movements of aimies m the field, 
especially, if the theatre of war be extensive, each individual 
oiBcer has repeated opportunities of contributing, according to 
his situation, more or less towards its perfection and these 
observations being ultimately collecled, a map is sent forth 
into the w orld considerably improv ed mdeed , but w hich being 
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still (lt;r<.*ctive, polnti out tho nuccssity of something more 
accurate ijeing urulcrtukcu when times and cmcumstances may- 
favor the design.'’* 

Having thus brie/Iy remarked on tlic leading principles of 
the several modes of surveying, before proceeding with a des- 
cription of them in detail, a few hints for tho general guidance 
of the StU'Veyor, which experience has taught us to be worthy 
of adoption, may be given with advantage. 

Isu The vSurveyor should settle definitively in his own 
mind, the system of Surveying he intends pursuing, then the 
plan of operations he purposes in prosecuting the said system. 

2n<l, He should exauune Ids instruments ; see that they 
arc all in proper order, and accurately adjusted, and compai'e 
his Cliain carefully U'ith the standard measiu’e, correcting any 
error in it. 

3rd. He should select, or instruct his assistants in the 
selection of them Station points, which he should be careful so 
to dispose, that the lines may pass dear of trees, houses, 
or other Impediments, and the fewer that can he made use of, 
the less will be the labour of the Survey ; it will also he more 
accurate, and less liable to errors, both in the field and office. 

4tli. Tho Station lines should always be as long as possi- 
ble, where it can be done without rendering the offsets too 
large, and where great accmracy is required, these lines should 
he repeatedly measured, for every station line is usually the 
basis of succeeding operations. 

oth. The Surveyor should so contrive his work, as to 
avoid the multiplication of small errors, and particularly those 
that by communication will extend themselves tlirough the 
whole of liis operations : he should always hear in mind, the 
principle of working from tohole to part, and never from part 
to whole ; by the former method, errors are subdivided, by 
the latter, tho errors inseparable from even the most careful 
observations are constantly accumulating. 

* Account of tho Trigonometrical Survey of England. 
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6tli He stould be especi-illy careful m the manner of 
keepmg his field book, every thing noted m it should be clear 
and explanatory, so as not to admit of doubt m the event of 
another person havmg to put up or plot work from it, a 
neat field book denoting the careful Surveyor, as much as a 
dirty and untidy one is proof of the contrary 

7tb The field work sliould be subjected to test as soon as 
possible, and any errors rectified by re-observation or re-mea- 
surcment whilst on the spot, if delajed for any time, the 
difficulty and mconvemence of retuimng to the spot will be so 
great as to prevent a fair correction being made and accuracy 
will be sacrificed m consequence 

8th At the close of a day’s work, measure tlie Cham, and 
note m the field book the quantity it may have stretched, so 
as to make allowances m any calculations that have to be 
made from measurements taken with it 

9th The Surv eyor should never allow himself to get into 
the habit of making his observations, whether angles or bear- 
ings, in a careless manner, under the impression that a small 
error m one obser\ation will perhaps counterbalance itself in 
the next, he will find it more profitable in the end, to make 
ten careful observations during a day’s work, than a hundred 
careless ones , the same remarks hold good foi Cham mea- 
surements 

lOth No observation, memorandum, or note, should ever 
be recorded on shps of paper, and rejected, or be thrown aside 
as unimportant or useless, it is too commonly the practice to 
do this, but the time may come when the Surveyor would 
hail ^vith delight the recovery of the remarks or calculations 
hon ever roughly noted, which before he liad thrown a^v a^ , 
nothing can be too mmute or too tnflmg to insert m the field 
book, wbatev er attracts the eye ui the field, or comes withm 
reach of the ear, should be so entered, as to be useful and 
inteUigible to otliers as well as to himself at aiij future 
moment 
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Lastly. A Surveyor should always endeavour to obtain 
a good knowledge of his District, or the portion of counti-y 
under survey, by constantly riding over it, in every dhection, 
and tlms getting a sort of bird’s-eye view in his own mind, 
this will enable him to check any glaring omissions in the 
maps produced by his subordinates, and give liim a great 
advantage in prosecuting his operations, and making the best 
disposition of liis work. In large establishments, such as those 
of the Ilcvcnue Surveys now in progress, composed of large 
bodies of Native, East Indiim as well as Eimopean Assistants, 
the best results may be expected from an active personal super- 
vision in the field, and indeed without this there can be no hope 
of proper and systematic progress or of the quantity of work 
AV'hich is performed being at all satisfactory or trustworthy. 

In hilly coimtries more especially, the e}^ of the Superin- 
tending Officer must be abroad to render the Topography 
of his maps of any value ; where the Surveyor himself does 
not take a part in these duties, and animate his European 
and East Indian Assistants by his example, it will be found 
that they, in turn, will devolve all the laborious and irksome 
duties on the Native Assistants, who soon become cai’eless and 
indifferent when they find themselves unconti’olled. 

When once a 'Surveyor contents liimself with ordering and 
directing others to do, what he never thinlcs of undertaking 
liimself, he may rest assured that it never will be done well. 
The first principle in the life of a Surveyor should be, to malce 
a practice of putting liis own shoulder to the wheel, and then 
to expect and demand equal zeal from Ins subordinates. 

At the commencement of his professional career, a Surveyor 
will meet with many obstacles and annoyances, and frequently 
find himself placed in most trying circumstances, such as will 
almost induce him to relmquish the task he has in hand, but 
he must make up liis mind to this and endeavour to overcome 
them, and not despair of success, because threatened with 
apparently insuperable difficulties, the pleasure of looking 
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back on an accomplished task, will always be heightened by 
the amonnt of difficulty overcome, or the remembrance of 
peculiar obstacles successfully contended against. All beginners 
should take encouragement from the fact of hundreds of men 
having commenced their career in perfect ignorance of the 
various duties they may have been called on to perform, and 
which by dint of industry and perseverance they have finally 
triumphed over and completely mastered. 
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On Sorveying by the Chain only. 

In making a Survey with the Chain only, we are confined 
to one, and the simplest geometrical figiu-e, viz., the triangle, 
for of all plane geometrical figures, it is the only one of which 
the form caimot be altered, if the sides remain constant. That 
the triangle possesses this property is evident from the Theorem 
(Euclid 7. 1.) which proves that " Upon the same base, and 
on the same side of it, there cannot be two triangles that have 
their sides, which ai’e terminated at one extremity of the base, 
equal to one another, and likewise those which are terminated 
in the other extremity, equal to one another.” 

The surface to be measured is therefore to be divided Into 
a series of imaginary triangles ; and in this division it must 
be borne in mind that the triangles are to be as large, with 
reference to the whole surface to be measured, as is consistent 
■with the nature of the ground ; for, by such an arrangement, 
we are acting on the important principle in all Smweying 
operations, (Page 237) that it is well always to work from 
whole to pa?•^, and rarely fr'om part to lohole. 

The sides of these triangles are first measured, and as a 
necessary check, on this first part of the work, a straight Ime 
is in addition measured from one of the vertices to a point in 
or near the middle of the opposite side. This fourth line is 
called a tie-line, and is an efficient means of detecting errors 
if any have been committed in the measurement of the sides 
of the triangle. This fourth measurement is made in accord- 



241 


ancG witU a maxim -which ought invariably to be acted upon 
in ail Surveying operations, -viz., that where accuracy is aimed 
at, the dimensions of the main lines, and the positions of the 
most important objects, should be ascertmned or tested by at 
least two processes independent one of the other. "Within the 
larger triangles, as many tie-lines and 'smaller triangles are to 
be measured as may be necessary to determine the position of 
all the objects embraced in the Survey. The directions of 
tlie lines forming the sides of these secondary triangles are so 
selected or disposed that they shall connect, and pass close by, 
as many objects as possible, so that the offsets to be measured 
from them may be as short and, as few in number, as prac- 
ticable. 

If the sides of these secondary triangles be in any case so 
distant from the objects whoso positions are to be determined 
as to require a length of offset greater than one or two chains, 
it then becomes advisable to construct, either on the whole 
or a part of the side of the triangle as a base, a smaller offset 
triangle with the sides so disposed that they shall either em- 
brace, or pass very near to tlie objects to be measured by their 
intervention. 

Tho disposition and general combination of these triangles 
demanding care and Judgment, it is customary, previous to 
commencing any measurement, to walk over the ground for 
the purpose of obtmning a general knowledge of the surface, 
and of the relative positions of the most conspicuous objects. 
Tho acquisition of this knowledge depending on tho coup 
is much assisted by an cye-sketch clra>vn -with rapidity, 
and showing some of tho principal roads, streams, temples, &c. 

This hand-sketch is not to be drawn to any scale, and its 
object is attained if it simply bear a general resemblance to a 
plan of the ground, as it will thereby assist the memory in tho 
distribution of tho surface into triangles. 

The sides of tho larger triangles are to pass as close as pos- 
sible to tlie external boundaries to be surveyed ; the triangles 

2 u 
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should moreover be made to approach, as nearly as practica- 
ble, to the form of equilateral, avoiding with care very acute 
or very obtuse angles, because the farther the form of the 
triangle is removed from the equilateral, the greater will be 
the alteration in the form of the figure and in its area, should 
any error have been committed in the measiu’ement of any 
one of tlie sides. 

The triangles having thus been disposed to the greatest 
advantage, marks or pegs are placed in the ground at each 
vertex of the triangles; their general form or position is 
then noted on the hand-sketch previously made, and distinctive 
letters are written on the diagram at each point of intersection; 
tin's arrangement admits of easy reference in the Tield-book, 
or on the ground, to any triangle or part of a triangle. 

The points of intersection of all straight lines, as well as 
the vertices of the triangles, are always points measured to or 
from : they are called Station points, and the lines connecting 
them Station lines, thereby distinguishing them from the simple 
offset lines. Stations are generally expressed by letters, main 
stations by capital or roman letters A, B, C, &c. and secondary 
stations by small letters a, 6, c, 

The hand-sketch, or rough diagram, is usually made in a 
Field-book, z. e., a book in which every minute step of the opera- 
tions gone through, is to be entered with precision at the time. 

This Field-book should be of a convenient size for the 
pocket, having the page ruled with a central column; this 
central column is intended for all actual lines measured, and 
by commencing from the bottom of the page, the page becomes 
a smaller representation of the reality, with the line measured 
from you, and the offsets at their respective distances on that 
line, taken at so many links to the right or to the left, as they 
actually are on the ground and noted to the right or left of 
the central column. 

In keeping the Field-book, it first should ever be remember- 
ed that the central column is virtually but one line represent- 
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ing the Chain, the space within the column being merely 
required for the several distances on the Chain, whence the 
offsets are taken, and secondly, that all offsets read either 
way outward from the centre column, in the same way as they 
are measured outward from the Chain; if the station line, 
therefore should be crossed on tlie ground by a road or any 
boundary meeting it obliquely, its representation or type in 
the Field-book must not be made to pass obliquely across tlie 
middle column, but must arrive at one side of the column and 
leave it on the other, at points precisely opposite, as it would 
do were the middle column merely of the thickness of a line ; 
inattention in this particular, causes much confusion in tho 
relative position of offsets. 

To preserve uniformity, as it is more natural to measure 
from left to right, the place measured /rom i^put on the left of 
tho central column at the bottom of the line, and the station- 
measured to is put at the top to the right ; the points of com- 
mencement and termination of the line can thus be imme- 
diately seen. 

The book should bo iuterleaved with blotting paper and the 
entries made in ink or inked iu the same day on return from 
tho field, the pages should also be numbered for facility of 
reference and each day’s work dated. 

If the direction of the line is determined by an angle taken 
with a Theodolite, or the bearing of the line be given by tho 
Circumferentor or other instrument, the angle of the fomer, 
or bearing of tlie latter, is placed in the central column imme- 
diately above the starting point. 

In taking offsets to corners of boundary marks or other 
objects, mark the relative position of the comer or object as to 
the Chahi line, and generally be careful to make the Field- 
book as much as possible a fac simile of the ground itself, 
with each boundary mark, &c., placed on the book, as to the 
central colunm, considered always as one line, in the same 
position as they stand to the Chain on the ground ; no time is 
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gained to the Surveyor by hurrying over the notes in the 
Field-book, a little care iu the field saving much trouble 
in office. 

It cannot be too strongly impressed on tlie Surveyor that 
the work winch he is called upon to perform depends for its 
accuracy in a very groat measure on the order, system, and 
neatness bestowed on all the stops wlicther of delineation or 
measurement; proper attention in keeping the Field-book saves 
much time in plotting and guards against the errors unavoid- 
ably arising from reference to a confused Field-book ; more- 
over, care bcsto^vcd in the first essays, will amply reward the 
Surveyor, by giving acciuvicy of eye, freedom and steadiness 
of hand, qualities indispensable to his success. 

Having given various examples under the head of “ Useful 
problems in Surveying” (page C6) of surveying small fields 
by the Chain only and also instrumentally, we will here 
give an example of surveying a lai'ger tract of country by 
the Chain only, and in wliich we will also show the method of 
filling in one of the trimigles of the Siuwey. 

The example given is that of a portion of country, compris- 
ing some SO or 100 fields, 6 or 8 roads, a village, river, canal, 
and a line of railroad running through a corner of it towards 
the village. 

The first thing to be done, is to select a line of country free 
fi-om obstacles, such as houses, underwood, &c., and running 
(if practicable) through the greatest extent of the property to 
be surveyed, with the view of measiu'ing a Base line, on wliich 
lure all the principal triangles should be formed as nearly 
equilateral as possible ; this line should also run as nearly as 
possible through the centre of the property and its direction 
should be for a principal object beyond its termination, such 
as the steeple of a church, corner of a house, or some re- 
markable object. 

In the diagram on the adjoining Plate, AB has been selected 
as the Base line, rumring through the whole of the Survey, 
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ntersecting the road HO at C.'the road GK at D, and tlie 
oad MO at E, which distances are carefully marked in the 
Field-book. 

Where this Base line crosses the boundaries of fields at 
the most favorable place for running cross lines along these 
boundaries^ stakes must be put in, and the points carefully 
noted, taking offsets en route to any corners * or other objects 
that may he -witlun an offset distance. 

The method actually adopted would be, in order to avoid 
any needlessly going over die same ground twice, to commence 
at A, measure AN, NYH, then HC, GV, and the fields with- 
in the block VCH and NCV. ' ' ' 

From H, the next line measured would be HG, observing 
carefully where the best stations could bo taken for the cross 
boundaries, on the same side of them, ns tlie stations were 
selected in the Bose line. ^ 

Then measure GD and HD, observing, in measuring HD, 
to ha\e the range of die lino carefully defined, where the 
several boundaries cross, so as accurately to define the several 
points in the line CD, where the cross boundary~lines, from v 
AB to HG, intersect. By this plan, all these cross-lines are 
chcck-Uucs. 

Produce GD to K, in die same straight line j measure KC, 
taking nodco as before, where the cross boundaries come, and 
on their proper side, and complete the block HGKO. 

Then measure CL and LK. 


Now return to G, and produce HG to F,. where it intersects 
*0 Base Ime ; marliDg the several foiuts P, Y, md X, upon 
it^ and the several cross boundaries. 

Then from D produce HD to M; join MIC, and from M, 
measure aline in range witkEX, whidv produce to O; join 
OB^fljcn complete tke block GXMD, and tbe triangular piece 

There now remains but the part adjoining ■■ the vil- 
lage. 
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From P, ineiisui'o PRS, and join ST ; then produce YR to 
hi and join ba ; tlic lines hu, aT, TS, SR^ Ri, will tie the 
whole of the houses in. This must always be the plan adopted 
in the survey of a village^ to confine all the areas within one 
triangle, whose three sides should severally pass through the 
principal points of the place. 

Having given the method adopted in practice, for saving 
time in the survey of the plan, we will proceed to explain the 
natiu’c and use of the several main lines. 

The line ME, of the triangle DIME, is the measure of the 
angle IMDE ; but CH, in the triangle CHD, is the measure of 
the opposite and equal angle CDH. Therefore the measured 
and determined distance, agreeing or disagreeing of either 
side OH or INIE, is a proof of the correctness or incorrectness 
of the angle at the vertex D. 

Produce ME, the fixed line, to 0; any points upon this 
production are also fixed. The point X, which is in a range 
with the road HP, is fixed ; and H, being a fixed point, the 
length of HX is determined. 

Its measurement becomes a line of verification to the oppo- 
site angle HMX, or (]\'IDE being supposed correct) of the 
supplemental angle DEM : which is the angle that this new 
line MD makes Avith the Base line. The line OB, if the 
nature of the ground will permit its being measm’ed, measrues 
the opposite angle BED, and is another check upon its 
correctness. . 

Again, MX is the measrue of the angle MHX; and GD is 
also the measure of the same angle. 

The actual distance of GD, compared with its computed or 
determined distance is a check upon the correctness of the 
length of MX. 

Having determined the coiuectness of these triangles, there 
can be no error of any moment in the filling in. 

In fact, all the lines used for the measurement of the offsets 
to the cross boundaries, are only so many additional check 
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lines to the triangles, or measures of the angles at their 
vertices. 

CK being dcternuned by the previous measurements, its 
measured distance is a check upon the angle CDK, and, there- 
fore, upon the direction of the line KO, relative to the Base 
line AB. 

The correctness of the triangle, CLK, is secured by the 
check-line to its vertex LC. 

The triangle AKO, having in AC a portion of the Base 
line, depends upon the correctness of the measured distances 
AN and NC. 

A, being thus a fixed point, as well as H, measure the line 
NH, and as H has been previously assumed correct, HN is a 
measure of the angle NCH, wliicli is the supplemental angle 
to the two and kno^vn angles HC0, ACN ; the length VC is a 
check upon the distances ON and CH. 

Now returning to the other parts of the survey, the line 
IIX, produced to the Base line at F, is an additional verifi- 
cation of the whole of the tnangulation. 

To ensure a correct survey of the village, observe that the 
line MOa passes close to one side of it 

From P, drawing PRS through R, and joining ST, we 
have known lines close to the village, on another side j pro- 
ducing YR to a point b, such that a line 6a shall pa§s close to 
the third side of the village, we surround the whole with a 
fixed triangle. All errors must be confined within this limit ; 
and all lines, for the measurement of tlie houses or roads, 
carried tlirough to either of the sides of this triangle, are, as 
in tlie case of the cross boundary-lines in the first part of the 
survey, \irtually but so many corroborative checks of its 
accuracy. 

Tlie principal lines being thus measured, we proceed to fill 
in one of the triangles such as CDIC ; for this purpose commence 
at any of the angular points of the triangle such as K, and 
run a line Ka to the opposite side CD, leaving marks at the 
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crossing of all boundaries of fields, such as c and d, taking 
oflsets to all objects within ordinary distance. When this 
line is measured up to the side CD, stop, and from the point a, 
measure the distance on the line CD, up to the nearest mark 
previously made on the line CD, and enter this distance, 
and the length of the line Ka in the Field-book. From the 
point a run a line ae, leaving a mark at f, and when arrived 
at f, perform similar work as done at n, after the same maimer 
measiu’e idso the lines fb, be, /K, and dD, and so proceed 
until the position of all the boimdaries and other objects 
Avithin the triangle CDK, are determined. 

Thus arc all the sides of the tiiangles measured m succes- 
sion, and their dimensions with the additional assistance of the 
offsets, give the means of ascertaining all boundaries, external 
and internal, positions of houses, &c., and of finding the area of 
the Avhole and of every part, by direct coniputation from the 
Field-bOok. But to obtain the contents of each field or enclo- 
sure by computation, would be a process very laborious and 
generally unnecessary : the contents of the whole should be 
ascertained by computation from the sides of the large 
triangles ; the areas of the inclosures may be afterwards obtain- 
ed by measurement from the plan, by dividhig them off into 
small triangles (page 65,) their accuracy being tested by a 
comparison of the sum’ of the areas of each»inclosure with the 
area comprised Avithiu the exterior boundary, as obtained by 
direct computation. 



CHAPpR III. 


On Subveyikg by the Chain, accompanied with 
Angular Instruments. 

The method of surveying by the Chain alone is applicable 
only to Surveys of comparatively small extent and simple in 
their outlines, for oven in small Surveys, the intervention of 
villages, high inclosures, temples, topes of trees, or other 
obstacles, may bo found to render the measurement of right 
lines by the Chain extremely difficult, and by isolating differ- 
ent portions of the Avork, to cause inaccuracies that may be 
avoided by the use of an angular instrument 

Angles it is true may be determined by the Chain alone, 
by measuring the sides of small triangles disposed for the pur- 
pose, thus : Let iVB, represent a line measured to a station B, 
from u hence a second 
line BC, forming an angle x_ 
uith AB, is to be mea- 
sured. To determine the 
angle ABC, prolong AB 
to D, make BC equal to 
BD, and measure the 
chord DC ; the three sides of the triangle BDC being known, 
the angle DBG or its supplement ABO is determined. 

This is a method which ought, however, rarely to be resorted 
to, for no time is gained by its adoption, and the chances of 
error arc considerably multiplied, owing to the numerous 
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additional lines to be measured; moreover, it is to be observed, 
tliat angles can in general be measui'cd in the field more 
correctly with an instrument than the length of lines with the 
Chain, especially over uneven ground or in an inclosed 
coimtry. 

The instrument in general use, for the pm’pose of measur- 
ing angles in Surveying, is the theodolite. It is calculated for 
cx-tremo accuracy, and should always be used when quality 
and not- quantity is the desideratum ; when the correctness of 
the result, and not the rapidity of execution, is the object. 

In broad and extensive flats, though the triangulation were 
better cai'ried on by the Chain, as the Chain is indispen- 
sable for determining cross boundaries, &c., yet the long 
lines of the triaugulation must always be run in by the 
Theodolite. 

In broken and hilly countries where the Chaining could only 
be obtained by an application of the angles taken by. the 
Theodolite to the determining of the compai'ative lengths of the 
hypothenusal to the horizontal lines, this instrument is indis- • 
pensable. The correct length of one side of a triangle toge- 
ther with the measures to minutes and half minutes, obtained 
with the accuracy of which a good Theodolite is susceptible, 
of its two adjacent angles, will always more certainly deter- 
mine the position of a third point, when hills intervene, 
than the incorrectly measured distances of the two other 
lines. 

The various uses to which the Theodolite can be applied, 
in finding distances across rivers, heights of inaccessible 
objects, &c,, are given tmder the head of “ Heights and Dis- 
* tances” (page 55,) and of “ Useful problems in Surveying” 
(page 66,) the adjustments of the instrument also, and methods 
of observing angles (pages 124 and 132,) it is therefore un- 
necessary to dilate further on its application to Surveying, be- 
yond giving an example, describing the method of proceeding 
with it. 
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Let the above plan represent a Survey of roads to bo per- 
formed \YitIi a Theodolite and Chain. Commencing on a con- 
spicuous spot a, near the place at which two roads meet, the 
Theodolite must be set up and levelled, the upper and lower 
horizontal plates clamped at zero, and the whole instrument 
turned about until tho magnetic needle steadily points to 
the NS line of tho compass-box, and then fixed in that 
position by tightemng the clamp-scrcw H. Now release the 
upper plate, and direct the telescope to any distant conspi- 
cuous object within or near tho limits of the survey, such as 
a polo purposely erected in an accessible situation, that it may 
bo measured to, and tho instrument placed upon, the same 
spot at a subsec^uent part of flic operation, as A and B, and 
after bisecting it with the cross-wires, lead both the verniers 
of tho horizontal hmb, and enter the two leadings in the Tield- 
book ; likewise in the same manner take bearings, or angles, 
to all such remarkable objects as are likely to be seen from 
other stations, as the tree situated on a hill; and lastly, take 
tlio angle to 5 our fom ard station where an assistant must 
hold a staff for the purpose, on a picket driven mto the 
ground,* in such a situation as will enable you to take the 

• A picVet should alw&js bo Jefk la the ground ut every slatujn, in order 
ta recognise tho prcciso spot, should it afterwards bo found aeccssury taretara 
to it again. 
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longest possible sight clown each of the roads that meet there. 
In going through the above process, at this and every subse- 
cpient station, great caution must be used to prevent the lower 
horizontal plato from having tlio least motion after being- 
clamped in its position by the screw H. 

Next measure the distance from a to 5, and set up the instru- 
ment at 5, release the clamp-screw H only, not suffering the 
upper plato to bo in the least disturbed from the reading it 
liad when directed at a to the forward station h, with the in- 
strument reading this forward angle; tiun it bodily round, 
till the telescope is dh-ccted to the station a (which is now 
the back station) where an assistant must hold a staff; 
tighten the clamp-screw H, and by the slow-motion screw 
I, bisect the staff as near the ground as possible, and having 
examined the reading, to see that no distm-bance has taken 
place, release the upper plate, and setting it to zero, see if the 
magnetic needle coincides, as in the first instance, with the 
NS line of the compass-box ; if it does, all is right ; if not, an 
error must have been committed in takino- the last forward 
angle, or else the upper plate must have moved from its posi- 
tion before the back station had been bisected : when this is ■ 
the case, it is necessary to retm-n and examine the work at 
the last station. If tliis is done every time the instrument is 
set up, a constant hheck is kept upon the progress of the work ; 
and this indeed is the most important use of the compass; 
Having thus proved the accuracy of the last forwai-d angle, 
release the upper plate, and measure the angles to the stations 
m and r, and, as before, to whatever objects you may consider 
will be conspicuous from other places; and lastly, observe 
the forward angle to the station c, where the Theodolite must 
next be set up, and measure the distance he. 

At c, and at every succeeding station, a similar operation 
must be performed, bisecting the back station with the instru- 
ment reading the last forward angle; then take bearings 
to every conspicuous object, as the tree on the hill, the sta- 
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tion A, &C. Tvhich ■will fix their relative situations on the plan, 
and they afterwards serve as fixed points to prove the accuracy 
of the position of such other stations as may have bearings taken 
from them to the same object, for, if the lelative situations of 
such stations are not correctly detemimed, these bearings will 
not all intersect in the same pomt on the plan The last 
operation at each station is to measure the forward angle In 
this manner proceed to the stations d, e,f, y, Ac., and having 
arrived at y, measure an angle to the pole A, as to a forward 
station, and placmg the Theodohte upon that spot, direct the 
telescope to y, as a back station, m the usual way, this done, 
release the upper plate, and direct the telescope to the Jirst 
station a, from which A had been observed, and if all the 
intervening angles have been correctly taken, the reading of 
the two verniers will be precisely the same as when directed 
to A from the station a this is called closing the Work, and 
IS a test of its accuracy so far as the angles are concerned, 
mdependent of the compass needle If the relative situa- 
tion of the conspicuous pomts A, B, Ac were previously 
fi:£od by triangulation, there would bo no necessity to have 
recourse to the magnetic meridian at all, as a line connecting 
the starting pomt a with any visible Jixed object, may be 
assumed as a working mendian, and if it bo thought necessary, 
the reading of the compass-nccdlo may bo noted at o, when 
such fixed object is bisected and upon the Theodohte bemg set 
to the readmg of this assumed meridian, at any subsequent 
station, tho compass-neelle will also pomt to the same reading 
as it did at first, if the work is all correct, and no local attrac- 
tion influences the compass .. 

■Wlulo the mstrument is at A, take angles to all tho con- 
spicuous objects, particularly to such as you may hereafter be 
aWo to close upon, wludi wdl (an m the above instance) 
verifj the accuracy of the intervening observations, having 
done this, return to g and/, &c and proceed with the Survey 
m the same manner as before, setting tho mstrument up at 
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eacli bond in tbe road, and taldng offsets to tlie right and left 
of tho station lines ; arriving at z, survey up to, and close upon 
B ; then return to z, and proceed from station to station till 
you arrive at ?«, where, if the whole work is accurate, the 
forward angle taken to h will be the same as was formerly 
taken from h to zzz, which will finish the operation. 



CHAPTER IV. 


05 Plottikg. 

In the execution of extensive Surveys upon scientific prin- 
ciples, tho accurate measurement of angles is of the utmost 
importance, requiring the employment of instruments of a 
superior construction, as well as considerable care and skill 
in their management; and one great object of such Surveys, 
being tUo correct formation, of Jalaps and Charts, it is no less 
essential, that the angles, when accurately measured, should 
ba accurately laid down. 

As tbo instruments therefore necessary to be used by the Sur- 
veyor in taking dimensions of land, arc such wherewith he may 
measure tho length of a side, and the quantity of an angle in 
the field; so tho instruments commonly used in making a plot 
or draught thereof, are such wherewith he may lay down the 
length of a side, and tho quantity of an angle on paper. They 
therefore consist in scales of equal parts for laying down tho 
lengths or distances, and protractors for laying down the angles, 
Tho various kinds of scales and protractors in general use with 
Surveyors will be found explained in Part IL of this work. 

Tho common method of plotting is this: Tal^o ^ sheet of 
paper of convenient size, draw a line thereon, to represent the 
magnetic meridian, and assign any convenient point on tliis 
lino to represent tho place where tho Survey commenced; lay 
tlio edge of the rectangular protractor on this meridian line, 
and brining the centre thereof to tho point assigned to repre- 
sent the* place of beghming, mark off tho degrees and minutes 
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of the first hearing bj the limb of the protractor^ and draw a 
line from tlie place of beginning through the point so marked, 
laying off its proper length or distance by the scale of equal 
parts ; this line wil] represent the fii’st line of the Survey, 
Through the point or termination of the said first line of the 
Survey draw another line, representing the magnetic meridian, 
parallel to the former, and lay off the bearing of the second line 
of the Survey by the protractor, and its length by the scale of 
equal parts, as before, and so proceed, until the whole is laid 
down. 

For Example , — ’Let it bo required to make a plot of the 
following Tield notes : — 

Line. Line. 

AB — N, E. 52“ 00' Diat, 9.17 Chs. EF — N.W. 297“ 30' Dist. 14.40 Ohs. 

BC — S. E. 10G“ 15' „ 12.04 „ FG — S.W. 235“ 15' „ 18.20 „ 

CD — N.W. 355“ 45' „ 14.00 „ AG — S. E. 173“ 00' „ 21.00 „ 

DE—N.E. 40“ 00' „ 11.00 „ 



\st . — Draw any line as NAS to represent the magnetic 
meridian, and assign any convenient point thereon as A to 
represent the place of beginning the Smwey ; lay the edge of 
the protractor on the line NAS, with the centre thereof at the 
point A and mark off 52“ on the limb to the eastward, and 
draw the line AB through the point so marked off, making 
the length thereof 9.17 Chains by the scale of equal parts. 
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%id . — Draw another meridian Ime NBS, tlirough tlie point 

B, parallel to the former Lay the edge of the piotiactoi on 
this second meridian hue NBS wtli the centre tliereof at tlie 
point B, and mark off 106® 15' to the eastward, and draw the 
line BO, througli tlie point so marked off, making the length 
tlieicof 12 40 Chams by the scale of equal parts 

Zrd — Draw another meridian Ime NOS, through the point 

C, parallel to the former, lay the edge of the piotractor to this 
third meridian line NCS, with the centre thereof at the point C, 
and mark off the third bearmg 355® 45' to the westward, mak- 
ing the length of the hne CD 14 00 Chains in the same manner 
as befoie, and so proceed with all the other hnes DE, EF, FG 
and GA, and if the last hue termmates m tlie place of begin- 
ning or at the point A, the work is said to close, and all js right , 
but if the last line does not terminate in the place of begin- 
ning, there must have been a mistake, either m taking the 
ricld-notcs, or m the protraction of them , in such case there- 
fore, It will he necessary, to go over the protraction again, and 
if it is not found, the mistake must be m the Field-notes, to 
correct which, they must be taken again 

This method of plotting is hable to some maccuiacies of 
practice, on account of havuig a new meridian for every par- 
ticular Imc of the Sur\ cy, and on account of lajong off eiery 
new Imc from the pomt of termmation of the jirecedmg one, 
IV hereby any little maccuracy that may happen m laying down 
one Ime is commumcated to the rest. 

TJicsc inaccuraaes or errors of plotting may be partly 
obviated where the Survey is not very extensive by tlie use of 
the circular protractor, and having only one meridian hne 
assigning a point thereon for tlio beginning of the Survey, all 
the beanngs are laid off at once fiom this point, and the other 
points of the Survey fixed, by means of hnes drawn parallel to 
tlie bearings, as laid off from the first point 

For instance, let it bo required to mako a plot of the Field- 
notci as given m the last example 
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Draw a meridian line NS, and assign thereon a point A, as 
the heginning of the Suiwey, on this point A, place the centre 
of the circular protractor, with 360® exactly to the North, and 
180® to the South of tliis line NS, mark ofip all the bearings of 
the lines AB, BC, CD, &c., beginning with the first and num- 
bering it 1, the second 2_, and so on. Then laying aside the 
protractor, cast the eye about the tract traced by the protractor 
for the bearing marked 1, draw a Ime fii’om the beginning of 
the survey or point A, in the direction of the mark 1, and on 
it, lay off the distance 9.17 Chains, thus fixing the point B. 
Apply a parallel rule to the point A, and the mark 2, and move 
its edge up, imtil it touches the point B, last fixed ; draw a 
line eastward and lay off from tlie point B, 12.40 Chains, thus 
fixing the point C. 

Again, apply the parallel rule to the point A and mark 3, 
and move its edge up, until it touches the last point fixed or 
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Ci draw a line tlienco nortinvard and lay off on it tlie distance 
14.00 fixing the point D. 

In the same manner, apply the parallel rule to the point A, 
and tlio several other hearings, marked 4, 5, 6 and 7, and 
lastly, the bearing from the last point fixed, or point G, will 
fall exactly into the first, which closes the plot; it is almost 
unnecessary to observe, that tlie dotted lines in the diagram, 
are drawn only to illustrate the operation, and that in practice 
it is only necessary to mark the numbers 1, 2, 3, &c., round 
the tract traced by the protractor. 

Tliis metliod, now in general use among Surveyors, saves 
the trouble of shiiHng tlie protractor at every bearing and also 
insures greater accuracy in the plotting, as a great number of 
bearings being laid do;vn from one meridian, a trifling error in 
the direction of one line does not affect the next; the accuracy 
of the plot, however depends much upon using a parallel rule 
tliat moves truly parallel, which it is well to look to before 
proceeding to this mode of plotting. 

Triangles are more accurately protracted by means of their 
sides than by their angles, and one side only, for measures of 
length can bo taken from a scale and transferred to paper with 
more exactness than an angle can be pricked off from a 
protractor. 

In plotting an extensive survey, it is in most cases requisite 
to sho\v the Erection of the meridian and it therefore becomes 
necessary to lay down from one of the principal stations the 
azimutlial angle subtended by some otiicr station and the 
meridian : now tliis angle caiuiot be laid off from a protractor, 
even of the most approved construction, so accurately as the 
plotting of the triangulation may be made from the measured 
or computed sides of the triangles. To obtain a correspond- 
ing degree of exactness, recourse must be had to some other 
method, and the following described by Mr. Simms* is the 
best that wo have seen practised. 

• Treatiso on Suircjing lostramcntsi &c. 
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Let AB be tlie side of a triangle^ the azimuthal angle of 
which has been ascertained with 
reference to NS, the meridian 
line. Take from an accurately 
divided diagonal scale, exactly 
5 inches as a radius, and from A, 
as a centre, describe an arc CD ; 
now ‘the chord of an are being 
eqiial to twice the sine of half 
the arc, the chord CD is equal 
to twice CE, the sine of half 
the an"le CAD. Take a radius 

O 

AF equal to twice AC, and 
describe the arc EG intersecting 
the radius AB in E, draw the 
sine EH, then by similar triangles, 

AE: AC:: EH: CE, but 

AE = 2AC by construction, therefore 

EH = 2CE = CD; 

that is, the chord of a given arc is equal to the sine of half the 
arc with double the radius. 

The radius of the tables of natural sines is equal to 1 or 10; 
and having taken the half of 10 or 5 inches for the radius AC, 
the natural sine of half the given angle taken from the tables 
will correspond to EH, the sine of half the given angle with 
double the radius; but EH was proved equal to CD; the 
natural sine therefore of half the given angle to a radius 10, 
will be equal to the chord of the whole angle to a radius 5. 
Having taken tliat distance from the same scale of inches as 
the radius, place one foot in the point C, and with the other 
mark the point D on the arc CD, then through D and 
A draw the- line NS, which will be the direction of the 
meridian. 

This method of laying off angles may also be conveniently 
employed in dividing a circle to be used as a protractor, and 




261 


whicli can be made either ou the same sheet of* paper, intended 
to receive the drawing, or on a separate sheet of card-board, 
when it may be preserved and used on after occasions. The 
great difficulty of dividing a circle accurately is well known, 
but if the arcs aro laid off by means of their chords, the 
division may be performed with great exactness. 

A protractor laid down upon the paper, enables the drafts- 
man to plot the work nitli great rapidity, and with less chance 
of error, when the scale is small, than by the method of laj- 
ing off angles by placing the centre of a metallic protractor 
at every angular point, and pricking off the angle from its 
circular edge. 

During the time which must necessarily be occupied in 
plotting an extensive and minute Survey, the paper which 
receives the work is often sensibly affected by the changes 
nhich take place in the hygrometrical state of the air, causing 
much annoyance to the draftsman, as the parts laid down from 
tlio same scale at different times will not exactly correspond. 
To remedy in some measure this inconvenience, it has been 
recommended that tho apartments appropriated to the purposes 
of drawing, should be constantly kept in as nearly the same 
temperature as possible and also that the intended scale of tho 
plan should bo first accurately laid do>vD upon the paper 
itself; and from this scale all dimensions for the work should 
invariably bo taken, as the scale would always be in the same 
state of expansion as the plot, though it may no longer retain 
its original dimensions. 

Another method of protracting a Survey, and by which the 
incon\ cnienccs of tho above metliods are avoided, and by 
which also the accuracy or otherwise of the I'ield-work is 
decided witli precision and certainty, nill be presently treated 
of, in the meanwhile no refer the reader to Chap. 8 and 9, 
Port n., where, in describing the use of the so\eral instru- 
ments used in plotting, further instructions are gi^en, and 
cloao this chapter by extracting from hlr, Bradley’s -valuable 
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work oil Practical Geometr}’-, the following useful rules, appli- 
cable to Geometrical construction : 

1. Arcs of circles, or right lines by which an important 
point is to be found, should never intersect each other very 
obli<j[uely, or at an angle of less than 15 or 20 degrees; and, 
if this cannot be avoided, some other proceeding should, be 
liad recourse to, to define the point more precisely. 

2. "When one arc of a circle is described, and a point in it 
is to be determined by the intersection of another arc, this 
latter need not be ch'awn at all, but only the point marked off 
on the first, as it is al\v'ay3 desmable to avoid the drawing of 
unnecessary lines. The same observation applies to a point to 
be determined on one straight line by the intersection of another. 

3. Whenever the compasses can be used in any part of a 
construction, or to construct the w'hole problem, they are to 
be preferred to the rule, unless the process is much more cir- 
cuitous, or imless the first rule (above) forbids. 

4. A right line should never be obtained by the prolonga- 
tion of a very short one, unless some point in that prolonga- 
tion is first found by some other means, especially in any 
essential part of a problem. 

5. The larger the scale on which any problem, or any part 
of one, is constructed, the less liable is the result to error: 
hence all angles should be set off on the lai’gest circles which 
circumstances w'ill admit of being described, and the largest 
radius should be taken to describe the arcs by which a point 
is to be found through which a right line is to be drawn ; and 
the greater attention is to be paid to this rule, in proportion 
as that step of the problem imder consideration is conducive 
to the correctness of tlie final result. 

6. All lines, perpendicular or parallel to another, should 
be drawn long enough at once, to obviate the necessity of 
producing them. 

7. Whenever a line is required to be drawn to a point, in 
order to insure the coincidence of them, it is better to com- 
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mence tlie line from the point; and if the line is to pass 
through two points, before drawing it the pencil should be 
moved along the rule, so as to ascertain whether the line will, 
when drawn, pass through them both. Thus, if several radii 
to a circle were required to pass through any number of points 
respectively, the lines should be begun from the centre of the 
circle ; any error being more ob\iou3 when several lines meet 
in a point. 



CHAPTER Y. 


On Offsets, and the vakious Practical Methods 
OF FINDING Areas, including the Reduction of 
Inclined to Horizontal Planes. 

The area of the principal triangles in a Survey, should, m all 
cases, be computed from the length of their sides, as obtained 
from the Pield-book. The operation is simple, by the follow- 
ing rule : — 

Rule . — Add the three sides together, from half the sum of 
the sides subtract each side severally. Multiply the half sum 
and three remainders together, the square root of their pro- 
duct will be the area, or — 

By Logarithms, which method is a much shorter calculation 
than the former: To the Logarithm of half the sum of the 
sides, add the Logarithms of the three remainders, the sum of 
these Logarithms divided by 2, will be the Logarithm of the 
area. 

To find the area of offsets by calculation : Multiply half the 
sum of each successive pair, by the distance on the Chain 
line between them, the sum of all these separate areas, will ■ 
give the area of the whole offset on the Chain line. 
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Example. 

Let tlio subjoined plot of Field-notes rcpiesent the Offsets 
taken to a boundary on the station line AB. 



Then, to the ilglit of the Chain line, 

Acres 

Act X 00 X 2 50ssdoubl6llieAreaofTruDgIoAa^or 0 75 

A4 — Aa “ ai X + 4A or 0 50 X 3 50 = „ Trapezoid, baffh „ 0*175 

Ac — A4 = itf X W +1* „ 1 50 X 3 80 « „ „ hMe „ 0*57 

Ad Ac cd X Cl „ 2 00 X 3 80 =: „ Triaogle, det „ 0 50 

2J 2 055 
Area, = 1 027 

And to the left of the Chain line, 

Acres 

Ac — • Ad =% Je X 9 or 1 50 X 2 00 =s double tbo ArcaofTnangle daj or 0 80 
A/— ^ =s 5/- X ej + fk oT 1 30 X 2 !>0 *= „ Trapezoid „ 0 116 

AB — A/=yBx/t ,, 280X000 = „ Tnangle B/fe „ 0 252 

2J 0 668 
Area, 0 334 

If tlie Sur\ cy has been performed keeping the \\ ork to the 
left hand, the offsets to the right of the Chain line, are addi- 
tive, and those to tho left are subtractive from the total aiea 
of tbo figure; if, on the contrary Uie Survey has been done, 
keeping tho work to the right hand, tho reverse of the above 
takes place. 

It will then be 1*027 — 0*334 = 0*693 Acres or 0 Acr. 
2 Kds. 31 Per. tho Lalance area of the offsets, to bo added or 
subtracted as tlic case niaj be. 

2 L 



Ill all cases cf oll’sets to a boiiutlury line, the only two 
figures met with are tiie triangle and the trapezoid^ the former, 
wiien the boundary runs Iruni tlie station point to tlic first 
offset, or v/hcre the boundary crosses the Chain line; and 
the latter by eacii pair of successive offsets, forming the two 
parallel sides of the trapezoid. The rules for finding the areas 
of botii the triangle and the trapezoid, lu’e given at Pages 63 
and 6-1. . 


Various are tlie methods of obtaining contents from the direct 
measurement of planes and wo have in Part. 1. described the 
method of dividing irregular figures into triangles and tra- 
jiezia (Puge Go,) as well as reducing them to a single triangle 
(Prob. 12, Pages 71 and 72,) but the chief art in computmg, 
consists in finding the content of pieces of land, boimded by 
curved or very irregular lines, or in reducing such crooked 
sides of fields or boundaries to straight lines that shall enclose 
the same or ecpial area, with those crooked sides, and so obtain 
the area of the curved figure by moans of the right-lined one, 
which Avill commonly be a trapezium. This reducing of the 
crooked sides to straight ones, is very easy and accurately per- 
formed in the following manner : — 


Apply the straight edge of a thin, clear piece of lantern- 
horn or talc, to the crooked line, which is to be reduced, in such 
a miumer, that the small piu’ts cut off from the crooked figure 
by it, may be equal to those which ai’e taken in, which giving 
and taking as it is called, can be judged of very nicely by a little 
practice ; then with a fine pointed pencil, draw a line by the 
straight edge of the horn, and do the same on the other sides 
of the figure ; the straight sided figure thus obtained, will be 
equal to the curved one, the content of which, will be equal 
to the content of the crooked figni^e proposed. 

Instead of the straight edge of the horn, a horsehair, or fine 
thread, may be applied across the crooked sides in the same 
manner ; and the easiest way of using the horsehair, is to 
string a small slender bow, made of whalebone or thin bam- 

O 
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boo with it, for the how keeping tlio haii always sUetched, 
It can be easily and neatly applied with one hand, while the 
other 13 at liberty to make two marks by the side of it, to 
draw the stiaight line by 

Wc ill mention one othci mctliod, which foi accuracy and 
dcspatcli of n ork for small paicels of land, and paiticuiarly 
offsets is far superior to any of those already named 

Tins consists of a piece of transparent lioin or talc, as thin as 
will admit of strength, divided off into squares of acies and 
roods, to do which, descube a rectangle, on wliatevei scale 
tlio uork 13 protracted on, of 80 Chains by 72, divide each side 
into 24 equal parts, and draw lines acioss joining the divisions 
then Will each small square be equal to one acre, for 80 Ciiains 
multiplied by 72 Chains =« 576 acres and the square of 24 is 
also 576, on one side of the rectangle these squares may he 
divided off into roods if necessary 
To use this “ Talc Square” as it is called, place any of tho 
lines diaivn across it, on the Station line of the Survey, m 
such a mannci, that tlio onsets to tlic light and left of the 
hue may bo all brought within the small squaies of tho rec- 
tangle , then lioldmg tho talc finn with tho left hand and with 
a pair of compasses m the right band, commence at one end 
of tho lino and measuic the length of such portion of 
tho offset from the Cham line (balancing the irregulai edges 
as naai as possible) as may fall nitJun each low of small 
squares, commencing with the first row on the light, addincr 
this on, h}^ opening out the compasses, to the portion contained 
m tho second low, this Tgam to the portion contained in the 
third row and so on , if tho offset passes to the left of the 
Cham lino, draw m the compasses from the Cham line to the 
offset, so will theaicaof offset to the left of the line he deduct- 
ed , then measure the distance m tlie compasses along one side 
of the rectangle, and the number of squares contained within 
tho two legs, Will he the aica m acies and puts of an acre of 
the offset 
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Tlie f diagram represents a talc square, divided off 

. . !S, placed over the Station line YZ, the crooked line 

into acre, , , , i i v 

through the talc representing a boundary line, 
as seen H ° 





- 


- 





— 2 ^ 

;1j 
1 1 


11 

’ i1 


ii 


]■ 

i 

To calf 



mence leg of the compasses at c, and 

out to dy place the upper leg again at e, and open 
open t eij again from g to h, and from i to j, here the 
t^m out pl^ee the upper leg of the 

o set gq Chain line at h, and draw them in towards 

compass^ them in to n, at e, drawing them in to 

?, then at ^ offset again proceeding to the light of the 

p, an mpper leg of the compasses must be placed on s, open- 
line, the!^ u to V and from to to a-, then will the 

ing them contained within the compasses be the 

number contained in the offset 

number 

, ,,ne xA 

on the i;^ cliagram, the dots on the Chain line, and on 

show the measurements to be taken with the upper 

the offs^ compasses and the dots below show where the under 
leg of thj ^ 
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leg of the compasses would fall in making the above measure- 
ments, observing that the distance from dot 1 to c = ab, dot 2 
to e *= dot 1 to rf, dot 3 ^0 ^ = dot 2 to / dot 4 to i = dot 
3 to A, dot 5 to A = dot 4 to j, and so on to the end of the line. 

This instrument can also be used for finding the content of 
irregular figures of any shape, and is particularly adapted for 
checking the areas of villages surveyed on the Traverse 
system, whoso area is obtained by a calculation quite indepen- 
dent of a plot as will be hereafter explained. 

The best method of making these “Talc Squares’* is to draw 
tho rectangle and small squares correctly on a piece of draw- 
ing paper or card-hoard ^vith a fine steel pen, keeping this as a 
pattern, and whenever a talc square is required, to lay the 
talc over this, fastening it at the corners witli a little gum, to 
prevent its slipping, and with the point of a pricker to scratch 
tho linos across the talc ; when they are all drawn, a mixture 
of lamp black and oil should be rubbed well into the marks ; 
round tho edge of the talc, paste a narrow edging of paper to 
prevent its breaking. 

In connection with tlm subject of areas or superficial con- 
tents, wo come to the consideration of an important principle, 
viz., the reduction of the lines measured over steep slopes to 
tho horizontal plane. 

Having to lay down on a plane or flat surface, boundaries 
and lines at different inclinations, in order to avoid distortion 
in tho out-liue, and to bring all tlio details duly within the 
framework, it is absolutely necessary that we refer to, or 
project all lines and points upon a plane. The plane adopted 
to receive tliis common projection is the horizontal plane. It 
is not therefore the actual surface tliat we have to protract, but 
the diminished quantity that would result, ha.d the whole 
been reduced to a horizontal plane. 

It is therefore necessary to reduce all sloping or hypothe- 
nusal distances to their horizoutal lengths, When tho lines 
are long, and tlie slojxjs much v.aried and considerably inclined. 



270 


this reduction ought to ho made by calculation/ or at least 
by reference to tables of reduction of hypothenusal lengths to 
horizontal ones as given below. 


TABLE I. 

Eoduotioii in Liiikh anti Decimals upon 
each Clmin’s Length, for tho fol- 
lowing Angles of Elevtiliou and 
Depression. 


Anglo. 

Uo- 

ducta. 

Anglo. 

Re 

duetu. 

Anglo. 

Rc- 

ductn. 

Anglo, 

Onein 

Anglo 

i 

Onciu 

Anglo. 

Onein 

a®. 0 

O.U 

9°. 0 

1.21 

15°, 0 

3.10 

0° 

15' 

223 

3° 


17 

7° 0' 

8 



30 

1.33 

30 

3.01 
















Bia 

111 

3. 

15 

10 

7. 30 

7] 

•1°. 0 

0.2o 

10°. fi 

1.52 


3.83 




I 







30 

1.03 

30 

1.12 

0. 

45 

70 

r- 

m 

15 

8. 0 

7 

5°. 0 

0.33 


i.ai 

17°. 0 

4.37 

1. 

0 

50 

4. 

15 

14 

! 9. 0 

fi] 



30 

2.01 

30 

4.03 















I. 

15 

40 

1. 

mi 

13 

trmi 

0 

0°. 0 

0,55 

12°. 0 

2,19 

18°. 0 

4.90 







1 


30 

0.05 

30 

2.37 


5.17 

1. 

30 

38 

4. 

45 

12 

'll. 0 

I 

51 

7". 0 

0,75 

13°. 0 

2.50 

19°. 0 

5.44 

1. 

45 

32 

5. 


Hi 

12. 0 

o] 

30 

0,80 

30 

2.77 

30 

5.74 















O 

0 

23 

5. 

15 

11 

13. 0 

D 

S°. 0 

0.93 

14°. 0 

2.97 


0.03 









30 

1.10 


3.18 

30 

0.33 

2 

15 

20 

5. 

30 

10] 

14. 0 

d] 



1 J 




2. 

30 

23 

5. 

45 

10 

15. 0 

4 

The reduction for one 

Chain (from 









the above Table) 

multiplied by 

tlie 

2 

45 

21 

0. 

Bl 

9] 

16. 0 

31 

number of Chains, *will g;iYe the quan- 









tity to be subtracted from tlio mea- 

3 , 

0 

19 

0. 

Bill! 

9 

17- 0 

3] 

sured lenortli of an 

inclination, to re- 









duce it to horizontal measui'e. 


3. 

15 

18 

0. 

45 

8] 

18. 0 

3^ 


Tables of reduction are engraved on the vertical arc of 
Theodolites whichj while they show on one side the angle of 
elevation or depression, give on the other the number of units 
per hmidred, that have to be deducted to reduce the hypo- 
thenusal line to its corresponding horizontal length. 

* This calculation is sinsple : Suppose AC to 
represent the horizontal plane, and AB the 
measured line; the angle of elevation BAG 
being taken with the Theodolite, we have the 
side AB, the angle BAG, and the angle BCA, 

a right angle, to find the line AC, which is the horizontal length required. 



TABLE II. 

Showing the Rate of Inclination of 
Inclined Planes, for the following 
Angles of Elevation. 
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In small Surveys, especially tliose made with the Chain 
only, an allow aiice or reduction is generally made in the field 
by construction or estimation as the measurement proceeds. 
If the slope be not very steep, the reduction is accomplished 
by holding the lower end of the Chain above the ground, as 
nearly horizontal as can be judged by the eye, allowing a 
plummet to hang from the hand that holds the Chain, in order 
to point, to where the arrow should be placed. 

When perfect accuracy, however, is sought, and when the 
Survey is extensive, the angles of inclination should he observed, 
and the proper deduction obtained by computation, and allowed 
for when the work is being plotted 



CHAPTER VI. 


Ox THE Tuaverse Syste:m and Gale’s AIethod of 

Surveying. 

A Traverse may be defined as a cii-cuitous route performed 
on leaving any place on the earth’s sui’face, by stages, in differ- 
ent dii’ections, and of various lengths, with a view of ai’riving 
at any other place situated in any direction with reference to 
the former, and at any distance therefrom which cannot be 
reached in the direction of the shortest line connectincr tliem. 
The angles wliich the stages or station lines form with the 
meridian are called ^‘bearings” the quantity of Northing or 
Southing made in each distance, is called the difference of 
latitude, and the amount of Easting or Westing is termed the 
departure. 

When the bearing corresponds with the meridian, or with 
the perpendicular to it, there will in the former case be 
no difference of latitude, and in the latter no depai’tm’e, and 
the distance measured will itself express the amount of North- 
ing or Southing, or of Easting or Westing due to the change 
of position. 

When, however, the bearing does not correspond with the 
meridian or with the perpendicular to it, there will be for 
every distance measured a certain corresponding change both 
in latitude and longitude (or departure) ; and as these will with 
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reference to their particular distance answer the condition of 
our definition, they may mth propriety be termed the traverses 
of the distances : 

We ^YiU therefore define: 

IsL Meridians os North and South lines, wliich arc sup- 
posed to pass through every station of a Survey, running pa- 
rallel to each other.* 

2nd, The difference of latitude or the Northmg or Soutliing 
of any line, as the distance that one end of a Une is North or 
South from the other end. 

3rJ. The departure of any line, as the perpendicular dis- 
tance from one end of the h‘ne to a meridian passing through 
the other end. 

In the 3rd Cor. Theor. V.,(page 12,) it is stated and proved, 
** that all the interior angles of any rectilineal figure, together 
with four right angles, are equal to twice as many right angles 
as the figure has sides” or in other words that — 

In any rectilineal figure, the sum of all the interior angles, 
is equal to twice as many right angles as the figure has sides, 
less four right angles. 

This forms the basis on which the Revenue Survey opera- 
tions in India are conducted- The Traverse System is a 
method of computation by rectangular co-ordinates, and is 
applicable to any mode of surveying, whatever, such as Route 
Surveys, Railway Lines, Navigation Courses and the like, where 
every Station is fixed by distances on the meridian and per- 
pendicular, and this is essential to Gale’s System, which may 
bo termed tlie periphery measuring or perimetrical method. 
By throwing a scries of angles over the face of a country, and 
forming a network of large circuits, the liability of error 
is reduced within the narrowest limits, which the means at 


• These meridians arc not realty parallel, but conrerge towards iho poles 
of the earth, but so insensibly as not to be worlby the notice of a Sur* 
operations lutbw a limited space 


2 M 
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disposal permit. This angular Circuit System^ in extensive 
operations in a country like India, with instruments of the 
best construction and moderate power and size, can alone 
enable a Surveyor to carry out in practice the theoretical 
accuracy of the Traverse, and permit by the aid of logarithmic 
calculation an approximation to the proof required, viz. : 

1st. “ That the sums of all the interior angles shall be 
equal to twice as many right angles as the figure has sides, 
less four right angles” and — 

2nd. As regards the linear measurements, That the sums 
of the Northings be equal to the sums of the Southings, and 
the sums of the Eastings be equal to the sums of the Westings, 
which latter will be presently explained.' 

It is not intended to be advanced that the Indian System will 
• bear comparison with the Ordnance Survey of Great Britain, as 
respects the Geometrical principles, on which they are respec- 
tively based. The latter is on a Trigonometrical basis through- 
out, and the errors in detail have never reached the assigned 
limits of --^0 of superficial or of linear measure. The peri- 
phery measm’ement system of India is not capable of giving re- 
sults so accurate as the Ordnance Survey System, because a 
space is not rigorously represented by its perimeter, at the same 
time where boundaries are the chief object of the Survey, the 
simplicity of the latter system, is an immense advantage, and con- 
sidering the expenditure of time and money the results of the 
Indian System are admirable. The comrtry could not possibly 
be stu’veyed so economically, or so rapidly in any other way, 
and bearing in mind the relative value of ground in the two 
coimtries it would not be advisable to adopt the more expen- 
sive and more accurate system of the Ordnance Smwey, 
it would in fact be an endless job in such a vast em- 
pire, a complete first Survey likewise, being most urgently 
needed. 

Hutton m speaking of the Traverse Table, observes “ that 
this mode of smweying large tracts of lands was made use of 



275 


by Mr. Nonvood, so far back as 1635, and he adds that in Plot- 
ting the Survey of a country thus taken, tlie Ciicuit Station 
lines, though consisting of many hundreds, may be reduced to 
a few for the first closing, and flie like for the intermediates 
of each line first plotted by which every station may perhaps 
bo more truly placed than by any other method.” The above 
remark is extremely accurate and there is no mode, so effica- 
cious as the one advised. By it can be carried on a Survey 
metliodically and accurately and the operation is wonderfully 
simplified, which by any other process would be involved in dif- 
ficulty, error and confusion; and since the meridian and perpen- 
dicular columns of the Traverse admit of the Station lines being 
plotted by mere plain scale and compass, it would be difficult 
by any otlier raetliod to effect this part of the V' ork so easily, 
and by no means could a circuit measurement and its area he 
made and determined ^v^th Uie precision the Universal Theorem 
admits of.* 

However correctly distances may be measimed, unless the 
angular work is also correct, the result will be unsatisfactory, 
but with both these data accurately determined, the proof will 
bo certain, and it Avill be observed, how admirably each step in 
the nork piovcs the other, and what confidence the system 
gives to a Surveyor who has no need whatever to put any of 
his work on paper, hut with his Traverse correct, may 
produce his map at any future period with undoubted 
certainty. 

Wc will now proceed to explain the mode of Surveying by 
Trav ei*se. 

Draw any figure such aa AECDEFGHIJA, represent- 
ing the sides of an irregular Polygon. 


• Memoranda oa the mode of Surrcjioff adopted in the ReTenue Suneys, 
by Major Wroughton, Deputy Sunejor General, m tlie Agra Printed Selcc- 
liona from public Correspondence^ Part 3rd 
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If the Theodolite is fii’st set up at the station A, and the 
interior angle JAB is observed and then at B, observing the 
interior angle ABO^ at G, the ulterior angle BCD, and so on 
all round the polygon, then will the sum of all the interior 
angles, JAB, ABO, BCD, &c., be equal to ten times two right 
angles (the figm’e having ten sides) less four right angles 
or 180° X 10 — 360° = 1440°. 

In practice it will be found that this result cannot be exactly 
attained, and that the sum of the angles will generally amoimt 
to two or three minutes more or less ; to meet this, a correction 
of one minute in every four or five angles, additive or sub- 
tractive as the case may need, is generally necessary to obtain 
the result required. 
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Havmg thus ^iroved the angular work correct, the next 
operation is to obtain the Bearings of the seyerdl sides of 
polygon or angles subtended by these sides with the mendian. 
Tliis is either done by the magnetic needle on the theodolite 
or by astronomical observation, (the latter will be treated 
of hereafter in Part V. and various methods given for ascer- 
taining the true Bearing of an object) bat as all the Beve- 
nue Surveys in India progress on the true meridian of the 
earth, we shall therefore treat only of true meridional Bear- 
ings or angles formed by each line with the true meridian. 

If the Theodolite were adjusted in the plane of the meridian 
on every station of a Survey, we should find no difficulty in 
obtaining the true Bearing of each line, but as this would be 
very troublesome and next to impossible, it is only necessary 
in practice to obtain the correct Bearing of the first line of a 
Survey from which by the assistance of the angular work the 
Bearings of the other lines can be deduced. 

This true Bearing being once established has only to be 
checked and corrected by similar means after every 50 or 100 
square miles of country traversed, and it will be found seldom 
to exceed from 5 to 10 minutes of a degree firom the true 
meriiUan, whereas, if the magnetic needle was used, an error 
of 15 or 30 minutes is scarcely traceable in a single obsexwa- 
tion and where so many instruments are in use, all giving 
a different magnetic variation, it is plain, that without this 
method of deducing the azimuths from the angular observa- 
tions the utmost confusion would arise. 

Jlule.— To the Bearing of the fine preceding that of wliich 
the Bearing is sought, add the inward angle formed by these 
two lines, and the sum increased or dimmished by 180® accord- 
ing as it may be less than, or in excess of 180« will be the 
Bearing of the next line sought 

Before proceeding to prove the above rule, we will first 
premise, that in all modem Theodolites the divisions are num- 
bered round the circle, from to 360,® so that the Bearing of 



any (jlijcct but\yc(,'n 0^ aii>l .00^ i» ivcl'.oiieil Ki>rtli-Ka.->t, butvveen 
UO'* anil Souiii-Ka.st, butwocn J8t)^ and 270'* iSoutli-Wcst 
and bctwcuii 270^ and db'O^ Nnrtli-Wu^t, 0^ 00% 180% 270% 
lining iv.'ipcnttvely due North, 8uut!i, Ka,-it and We.st 

'rhi;i method of rtiehoning tliu Dearingr; of objects is by far 
the iiio.^t convenient for {jraetice, as without the necessity of 
makiim use of the letters to denote tiuf direction, the Bearijm is 
known at once by the number of degrees contained in the arc. 
.Let the Bearing of the lino AB in the following lij^nre be 

vv O O 

given, as found by astronomical observation. 



To Jiiid the hearing of the line B C . — Produce AB to a, and 
CB to c. 

Tlie two meridians NS, and N'S' being parallel, the angle 
N'B« is equal to the angle NAB, if to the angle N‘Ba or arc 
N'a we add the interior angle of the polygon ABO, or its 
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equivalent in arc oS'c, we obtain the angle formed by the 
line CB witli the meridian N'S' or arc if then the 

angle cBC or 180® bo deducted from this, thus reversing the 
direction of the lino, we have left the angle N'BC or Bearing 
of the line BC with the meridian N'S.' 

To find the Bearing of the line CD . — ^Produce BO to b and 

DOtorf. 

Tlie Uvo merichans N'S’ and being parallel, the angles 
N'BC and N®CJ are equal. If to the angle N*Ci or arc 
N*5, wo add tlio interior angle of the polygon BCD, or its 
equivalent in arc we obtain the angle formed by the 
lino DO with the meridian N^S® or arc N*6SV, if then the 
angle dOD or 180® be deducted from this, thus reversing the 
direction of the lino, wc have lefr the angle N*CD or Bearing 
of the line CD with the meridian N®S'- 

Tofind the Bearing of the line BE , — Produce CD to e and 
ED to/ 

The two meridians N*S* and N*S’ being parallel, the 
angles N®OD and N^Dc arc equal If to the angle N’De 
or arc NV wo add the interior angle of the polygon CDE, or 
its equivalent in arc ef wc obtain the angle formed by the 
lino ED 'with the meridian N’S’ or arc N’^, if then tlio 
angle /DE or 180® bo added to this, thus reversing the direc- 
tion of the line, w o obtain the angle N’DB or Bearing of tho 
lino DE w'ith the meridian N’S’. 

To find the Bearing (f the line EF . — ^Produce DE to g and 
PE to /i, 

Tho t^\o meridians N’S’ and N'S* being parallel, the 
angles, N’DE and N'Ey are equal. If to tho angle N'Ey 
or arc N*/<S*y we add the interior angle of the polygon 
DEF or its equivalent in arc yNV-i, wc obtain the angle 
formed by tho line PE with the meridian N*S‘ or arc NV< 
S'yN’A from which if we deduct tho angle ^EP or 180% 
thus reversing the direction of the lino w o ha^ c left, the angle 
N’EF or Bearing of tliu line EF with the luorijian N'S'. 





Ami so on, this prool imiy bo carried through every line of 
the polygon, until we come to the l:wt line JA, when its Beoi’- 
ing added to the ititerior angle JAB -p or — ISO^ tis the case 
may re(|uire will give the original starting Bearing of the line 
All. 

We have been thus prolix in explaining how the Bearings 
of the al'ove four lines of the polygon are obtained, as they 
contain eases in each (pmdrant of tiie circle, BC, being a South- 
h'ast Bejirlng, 01), North-E;ist, DE, North-West, and EF, 
South-West; the same rule is however applicable to the 
remaining aides.* 

* If Oi«' hUin of lh(' iirccodiiig Bearin'' and forward angle after deducting 
ISO’ anutuuta to tuoro than aSU'', deduct aCO'* from the total, the reuminder will 
bo tile Bearing of the next line. 



CUAPTER VII. 


02^ THE Piloor OF the Te vvebse, amoe.nt or error 

ALLOWED, ^VND I^IdTUOD OF CORRECTION. 

We now offer for consideration the following Theorem, viz . : 

Thai in ctery Survey j correctly tahen, the sum of the distances 
gone North from a certain pointy tcill he equal to the sum of (he 
distances returned South to the same point, and that the sum of 
the distances gone JEast, mil he equal to the sum of the distances 
returned Jrcst. 

Tho trutli of the above is self-evident, for tlie lueiidiaiis 
witlihi tho limits of an ordinary Survey having no sensible 
(lilTcrence from parallelism, it must necessarily follow, that if a 
person travel any way soever within such h'mits, and at length 
come round to tlie placo where lie set out, ho must have 
travelled as far to tho North as to tho Soutli, and to tlic East 
as to the 'West, though the practical Surveyor v>ill always 
find it difficult to make his work close with this perfect degree 
of e-^actiicss. 

Wc w ill ho\\ cv cr explain this more fully w ith the assistance 
of a diagram. 


Let the line NS run due North and South, and EW due 
East and West. If we fix on the pomt A, as a starting point 
and a person walks fit’orn A to h, on the line NS, say 400 yards, 
and wishes to retui'ii to A, he must wallc hack 400 yards; 
in going therefore from A to i, and hack fi.-om h to A, he 
has walked 400 yai’ds North and returned 400 yards South. 
In the same manner if he fixes on the point i as a stai’ting 
point, and walks to B on the line EW say 300 yards to get 
hack to 5, he must return 300 yards ; in walkmg therefore to 
B, he has gone 300 yards East, and returned 300 yards West. 

Supposing now, he wallcs fi’om A to B, say 500 yards in the 
direction of the line AB, he will then have gone North from 
A, 400 yards, and East from A, 300 yards. 

In a continuation of the figure, having wallced or measured 
from A to B, he proceeds on and measures fr*om B to C, in 
doing so, he goes a certain distance South and a certain distance 
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East of B to arms at C, tlicnco lie measures to D, going 
a certain distance North and East of C to arrive at D, from D 
ho measures to E, from E to F, and so on, going North, South, 
East or West, from tlic preceduig station as the direction of 
the lino may be, until he arrives back at Ins ongmal startmg 
pomt, A In making this tour tliereforc, he has gone tlic 
some distance North as he has returned South, and the same 
distance East as he has returned West 

Let the vertical and horizontal Imes drawn through the 
several stations A, B, C, &.C., represent, the former, a series 
of meridians or Nortli and South lines or lines of longitude 
and the latter, a senes of East and West lines or Imes of 
latitude, as these lines of latitude and longitude are all res- 
pectively perpendicular and parallel to eacli other, it follows 
that the angle foimed by the intersection of the meridian line 
of one station, and the latitudmal line of the nc\t station as at 
ht h, /, &c , must be a nght angle or 90® 

Now supposing all the lines AB, BC, Ac , to have been 
carefully measured with a Cham, and that havmg obtamed the 
Bearing of the lino AB, by astronomical observation, wc have 
deduced the Bearmgs of all the other lines by the rule, 
(page 277), wc then have the data in eacli line, of a sido and 
tw o angles to find the other two sides. 

Eor instance, in tlio tnanglo AiB, v\ o have the side AB, and 
the two angles fiAB, AiB, (the latter being invariably 90" or 
a right angle) to find the other two sides Ab and 4B the former 
being the difference of latitude, and the latter the departure of 
the station B from A. hi like manner, in the triangle BAG, wo 
have the side BC, and the two angles CBA, (obtained by de- 
ducting NBC from ISO") and BAG (a right angle) to find the 
otlicr two sides BA and CA, the fonner being agam the 
difference of latitude and tlic latter the departure of tlio 
station C from B, and so on for every line round the figure. 

'Ihe object of calculating all tlie sides of tliese several nght- 
angled triangUs on each line, is to obtain the difference of 



latituile und dcjKti'turo ol cut'll station from tlie preceding 
one, which dilVcreiicu being found, the sums of all differences 
of latitude of Hues going Nortli must cepud the sums of all 
differences of latitude of lines going South, or 
A/y -|- C/ -p Dm -}- Op -r >h>’ — BA -r -f- ly -{- llq -p Ir 
and the sums of all dilfercnces of de])artnrc of lines going 
I'hu-it, muat e([ual the sums of all diiferenccs of departure of 
lines going W'c.'ii, or 

AB -r /iO -{- /D -{- rJ -p s'A — uiD *p «F -p yG -p yll -p ql 
and if tins is not tlio result of the above calculations, the 
Survey has not been truly taken. 

\Vc have before stated, that in tlie moasiu'cment of angles, 
a certain correction is allowed in practice, to obtain the result 
of the Tlieorem, which forms the basis of the work, so also in 
the mcasiu'cment of Chain lines, a correction is necessary to 
meet the errors, that iiotwitlistanding the gi'eatest care will 
occur. In actual practice tlie columns of latitude and departure 
will not halauce exactly, for inaccuracies must arise ffom. oh- 
servations and cliaiuing hi the field, which no cai'e could obviate. 
To adjust these difi'crcnccs, previous to defining the meridian 
distances, the rule is, that should the discrepancy amount to 
^ of a Polo or 6 Links for every station, it will he clear an 
error lias been made in tlie field measurements, which must 
be discovered by a rc-survey. Wlicu differences, however, 
are within these limits, the amount of error allowed is 1 Link 
ill 10 Chains, additive or subtractive from the sums of the 
Northings and Southings to correct the latitude, and from 
the sums of the Eastmgs and Westings to correct the departm’e. 

This error must be apportioned among each of the distances 
of the Survey by the following proportions, viz. : 

As the sum of all the distances is to the whole error ^ so is each 
distance to its coirection. 

This must be done for the latitudes and also for the depar- 
tures, and is entered in a column appropriated to each, called 
the North and South correction, and the East and West correc- 
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tiou, the correction^ tlius detenmned, must be pheed, colla- 
terally, i\itli tbe distance to winch it icfera, ^\itliout distui- 
guislung as to North, Soutli, East or West. 

Having found the several corrections for cacli of tlio lati- 
tudes and departures, add them togctlici soerally, and seo 
ivhethcr their total agiecs witli tlie ^^holo error, and if so, 
proceed to allot tho corrections. If the error be an ci.ccss of 
Nortlungs, subtract each correction from its collateral North- 
ing or add it to tho collatcial Soutlung , if an evccss of 
Easting, add to tho Westing and subtract from tho Easting; 
tho corrected sums of tho corrected latitudes and departures 
^vlU then bo found cvactly to agree. 

We here subjoin an example. 
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In the above, the error is -f- 14 in tho South and + .28 in 
tho West, vv 0 avill now divide this error proportionately among 
the several distances, by the rule previously given, viz. As 
tho smn of tho distances, the wholo error ll each distance, its 
particular correction, or 

6227 : 14 :: 17 68 : .040::G37 .014 3 86 . 008 :: I4.6J. 
.033 19 73 045, for the Nortlungs and Southmgs, 

ibid 62 27 . .28 :: 17.68 . 080 :: 6 37 028 :: 3 86 . 

.016 14 63 . .066 19,73 . .090 for the Eastings and 

Westings. 
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It will be observed that the sum of the several corrections 
as above apportioned amounts to .14 in tlie Northmgs’and 
Southings or .095 -f- .045 -= .14 and to .28 in the Eastings 
and Westings or ,124 -p .156 — .28. This is the method of 
subdivhling an error in theory, but in practice an approxima- 
tion is sulHeicnt, the proportion of error to each line being 
made ivithout reference to calculation, the error when it is 
below the maximum allowed, of 1 Link m 10 Chains being 
ecpially di\-ided between the two columns of Nortliings and 
Southings and of I'kistings and Westings, and generally 
thrown into the longest lines. The example given however 
must not be understood as a specimen of the real extent of 
collection on such small distances, Ave have taken ample 
iigiu'os merely to servo the purpose of illustration. 

We have omitted mentioning here the several methods 
given in other works on “Surveying by the Traverse sys- 
tem” of finding unknown distances, by adding up the ISTorth- 
iims and Soutliings, and the Eastings and Westings of a 
Polygon, and applymg the difference of the two severally, as 
the latitude and departure of the unknown line and thence 
finding tlie Chain distance. Polygonometry as given in 
Hutton’s mathematics Vol. 3, and other books, treat of these 
methods, and to Avliich Ave refer the reader for fiu’ther in- 
formation. 



CHAPTER VIII. 


On the Method op Plotting by Trweese. 

These differences of latitude and departure, or distances on 
tiio meridian and perpendicular of eacli station from the pre- 
ceding one are not only applicable to the proof of the field- 
worlt, but aro subservient also to the plotting and computatiou 
of the area of the Survey, which will now be explained. 

All the distances on the meridian of each station from the 
preceding one, North or South, and all the departures of each 
station from tho preceding one. East or West, can be referred 
to tho meridian of the first station or starting point of tho 
Survey, viz., station A. Eor instance, on the meridian of A, 
for the fine AB the distance Nortli is Ab and the departure 
East is AB ; on tlio meridian of B, for the lino BC, the distance 
South is B7t, and tlic departure East is hO ; deduct the distanco 
that B is North of A, from the distanco that C is South of B, 
and ^ve obtain the distanco that C is South of A, or B/5 — 
AA =» Ac; in like manner add the distance that C is East of 
B, to tho distance that B is East of A, and we obtain tlic dis- 
tance that C is East of the meridian of A, or /iC + AB = cC. 

Again, on the meridian of 0 for tho line CD, the distance 
North is C/, and the departure East is AD, deduct tho distanco 
that C is South of A, from tho distance that D is North 
of C, and ne obtain the distance that D is Nortli of A, or 
Cl — Ac = Ad; in like manner add the distance that D is 
East of C, to the distance thatC is East of A, and we obtain tljo 
distance that D is East of the meridian of A, or AD -f cC ■=* dD. 
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On the meridian of D, for the line the distance Nortli 
is Dm 'and the departure West is mE, add the distance that 
E is North of D to the distance that D is North of A, and we 
obtain the distance that E is North of A, or Dm + Ad'= 
Ac; also, deduct the distance that, E is West of D from 
the distance that D is East of A, and we obtain the dis- 
tance that E is East of A or c?D -r- mE, == eE, and so on all 
round the figm-e mitil arrived back at A, when the distance 
that A is North of J, the preceding station, deducted from 
the distance that J is South of A, or Aj — J 5 , and the dis- 
tance that A is East of J, deducted from the distance that J 
is W est of A, or — sA will lea\m no remainder, proving 
that the calculation has been correctly made. 

The line EG it will be perceived crosses the meridian of A, 
in this case, it is only necessary to deduct the distance that 
E is East of A from the distance that G is West of E, to 
obtain the distance that G is West of A or yG — fx — yG. 

To plot therefore all these station points, draw a meri- 
dian Ime, and another perpendicular to it, representing the 
East and West direction. Eix on any point on this meri- 
dian line for, the station A, lay off with a pair of conunon com- 
passes and a scale of equal parts the distance Ab North of A, 
draw a line parallel to the East and West line through the 
point 5, lay off the distance AB, East, and join the points A 
and B, we thus obtain the bearing and distance of the line AB. 

Next lay off the distance Ac South of A, draw a line 
parallel to the East and West hne, through the point c, lay 
off the distance cO East, and join the pouats B and C, thus 
obtaining the bearing and distance of the line BO. 

Then lay off the distance Ad North of A, and with a 
parallel to the East and West line through the point d, lay 
off the distance dD East, join 0 and D, and we obtain the 
bearing and distance of the hne CD, and so on all round the 
fio'ui’e, observing that when the distances on the perpendicular 
are West of the. meridian of A or starting point, they are laid 
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off West on the plot The leductlon of the distances on the 
meridian and perpendicular of each station to the first station 
or starting point is therefore easily effected by a simple addi- 
tion or subtraction, and may be comprised in the following 
rule. 

Rule , — ^Vhen the distances run North of the first station, 
add tliem one to another, until they change to South, then 
deduct them one by one until the Southing exceeds the 
Northing, when deduct the latter from the former, changing 
tlio denomination to South; all distances then going South, 
arc added and tlioso going North deducted, and so on, until 
arrived back at the original starting point. 

Likewise in the distances on the perpendicular, when the 
distances run East of the meridian of tlie first station, add them 
one by one until they change to West, then deduct them 
imtU the Westing exceeds the Easting, when deduct the latter 
from the former changing the denomination to West; all 
distances then going West are added, and those going East 
deducted, and so on, until arrived back at the original start- 
ing point 

This methodof plotting is by far tho most perfect, and the least 
liable to error of any that has been contrived ; it may appear 
to require more labour, than the common method by angular 
protraction or protraction by Bearings, on account of the com- 
putations required, but these arc ifiadc with so much case and 
expedition by the help of Traverse Tables,* that this objection 
■^^ould \anish, even if they were of no other use than for 
plotting, but as wo have already said, they are subservient 
also to finding the Area, and which cannot be ascertained with 

* A tet of Trarerso Tobies bas been published by Major J. T. Boilcau, 
Ikn^t Engiooers, to crory minuto and degree of the quadrant, and these 
Tables are now m general use in the Berenue Surreys , we therefore refer the 
burrejor to this work, in nhich ho will find the method of using them fully 
explained and much saloablo information regarding tho appbcation of the 
sjstem to general purposes. 

2 O 
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equal accuracy in any other way ; when this is considered, it 
will be found to be attended with less labour on the whole 
than the common method. 

One great advantage in the above, method of plottmg is, 
that if a station is incorrectly plotted, it does not alfect in the 
least, the correctness of the other stations, which is not the 
case when plotting with a common protractor by Bearings or 
angles, where an error made in plotting one luie is earned on 
tlu’ough the series. 



CHAPTER IX. 


On the Universal Tueorem. 

We must now look on tlie distances on tlio perpendicular 
above computed of each station from the first in the series or 
starting point, as the sides of certain figures which multiplied 
into tlio distances on the meridian between each station, will 
give certain products, from which the area of the figui*e is 
derived by an easy computation fiom the following : 

Universal TflEonEii. 

If the sum of the distances of an East and West line of the 
two ends of each line of a Survey, from any meridian lyiny 
tircly out of, or runniny through the Survq/, be multiplied by the 
XoRTiIiNCr or SOUIIIINO made on each respective line ; the 
difference between the sum of the North Products and the 
sttm of the South PboddcTS, vnll be double the area of the 
Survey. 

To cxplahi this Theorem, it is necessary to take tlic three 
different cases that present themselves separately, wliich are — 

1st When the meridian is to tUo West of the polygon and 
l>hig entirely out of the Sur\'cy. 

2nd. When tho meridian is to the East of the polygon 
and lying entirely out of the Survey. 

3rd. When the meridian runs through tho polygon a 
iwrtiou of tho Suney lying East and West of it. 
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IVhen the meridian is to the West of the polj/ffon and li/iu^ 
entirely out of the Survey. 

Let ABCDEFA be any polygon^ NS an indefinite straight 
or meridian line. 

Draw perpendiculars aA, dB, cC^ dD, eE^ fB, from the 
extremities of each side of the polygon, meeting the line NS, 
at a, b, c, d, c,f, then will tlie distances ab, be, cd^ do, (f>fa, 
be the co-sines of the inclinations of the sides AB, BC, CD, 
DE, EF, FA, with the line NS. 

If therefore we multiply the sum of tlie perpendiculars at 
the extremities of each Northing or ascending side of the poly- 
gon by the co-sines of the inclinations of their respective sides 
with the line NS, and place them in one column, calling them 
North Products, *aud if we multiply the sinus of the ]ierpeu- 
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dicuJars at the extieinitfes of each Southing or dcsceiidhig 
side of the polygon, by tlio co-sines of the inclinations of tlieir 
respective sides with tlie line NS, and place them in another 
column, calling tliem South Products, then will the sum of the 
SoutA Products deducted from the sum of the iVbr^A Products 
be double the area of the polygon, that is : 

(aA + X + cC -f- dD X ^ + dD'+TE~>rde) — 

(iB + + /F + X /«>) will 

be double the aiea of ABCDEFA. 

For, the sum of the North Products will be double the area 
of cCDEec 4- aAB^, and the sum of the South Products will 
be double the area of cCBAFEec 4- aABi. 

But it is evident, from an insjjection of the figure, that 
cCDEcc — ■ cOBAFEec = ABCDEFiV. If tliereforo the area 
of aABd, which is common to tlio North and South Pro- 
ducts be struck out, wo have left cCDEee — cOBAFEee 
ABCDEFA, and consequently the difference of their doubles 
must be equal to double the area of ABCDEFA. 

tv 
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Case 2Nr>. 


When the meridian is to the East of the polygon and lying 
entirely out of the Survey. 

Let AGHIJA (Page 293) be any polygon, NS an indefinite 
straight or meridian line. 

Draw perpendiculars aA, ^G, /ill, zl, yj, from the extre- 
mities of each side of the polygon meeting the line NS, at 
ft, g, h, i, j, then will the distances, ag, gh, hi, ij, ja, be the 
co-sines of the inclinations of the sides AG, GH, HI, IJ, JA, 
with the line NS. 

If we multiply the sums of the perpendiculars at the extre- 
mities of each Nortliing or ascending side, by the co-sines of 
the inclinations of them respective sides with the line NS, and 
place them in one column, calling them North Products, and 
if we do the same with each Southing or descending side, and 
place them in another column calling them South Products, 
then will the sum of the North Products deducted fr’om the 
sum of the South Products be double the area of the polygon, 
that is : 

(/zH + il X hi -1- il -hjJ X ij) — OJ + X + 

aA + yG X ag -h yG + hR X gh,) Avill be double the 
area of AGHIJA. 

For the sum of the North Products will be double the area 
of yAHGAJ; and the sum of the South Products will be double 
the area of y/zHIJ/. 

But, it is evident from an inspection of the figure, that 
JAHIJ; y/zHGAJ/ = AGHIJA, and consequently the dif- 

ference of their doubles must be double the area of AGHIJA. 
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IVlum the meridian runs tiuougli the ■polygon. 

The abo\e figure is a junction of the two last under 
a coimnon meridian NS, passing through, tho point A, and 
consequently through the polygon* 

To obtain the area of this polygon, in tho same manner as 
in the last two eases, it is necessary to have a set of North and 
South products, for that portion of tho polygon lying to the 
East of tho meridian line NS, another set for the portion lying 
West of tlio meridian, and agsdn a third calculation for tho 
lino FG, which Ijhig partly to tho East and partly to tho 
West of the meridian, its two portions must be separately 
calculated. 
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It ^Yi]l be observed that tlie only difterence between the 
1st and 2nd cases is, tliat in the former, of the polygon lying 
to the East of the meridian, the South products are deducted 
from the North products, to obtain double the area, and 
in the latter, of the polygon lying to tlie West of the meri- 
dian, the reverse ttikcs place, viz.: the North products are 
tlcductcd from the South products to obtain double the area of 
the polygon; this would be equally necessaiy in this poly- 
gon, but in practice instead of having two sets of North and 
South products, one set for the portion of a polygon, lying 
East of a meridian line, and another set for the portion lying 
West (in cases such as this where the meridian line runs 
through the polygon) it is usual to reverse the products of that 
portion of the polygon to the West of the meridian line, and 
enter them in the same columns as the products of the portion 
of the polygon to the East of the meridian line, i. e., that all 
products of sides running North, to the West of the meridian 
are placed in the column of South products and vice vej'sd, 
all products of sides running South to the West of the 
meridian ai’e placed in the column of North products. 

Tavo columns are thus sufficient, for if in the 1st case, the 
South products deducted from the North products give 
double the area to the East of the meridian, and in the 2nd 
case, the North products deducted from the South products, 
give double the area to the West of the meridian, and 
the North products and South products of the 2nd case, are 
changed and applied as South products and North pro- 
ducts in the 1st case, or vice versd, Ave shall obtain the 
same result, as if we had tAVO sets of North and South 
products. 

It only remains therefore to explain, how the area is obtain- 
ed of that portion of the polygon lying East and West of the 
meridian or on the line EG. 

Produce Yf to x and Gy to y and draAV Ga; and yY parallel 
to NS. 
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It IS evident, fiom an inspection of the figure, tint if the 
area of the rectangle 'Pfgtf to tlie East of the meridian be 
found, and placed in the column of South products it being a 
Southing or descending side, and the area of the rectangle 
fxGgt he found and placed in its column of South products, it 
"being also a Soutliuig or descending side to the West of the 
meridian, (supposuig us to have two sets of North and South 
products) and we levcrsc the latter and place it in the column 
of Noith products in the Traverse Table, the Ime FG will 
have a Nortli and a South product too, one product being the 
ULU JVest of tliQ meridian, the other the area Uast of the 
meridian, but to facihtatc calculation and smiphfy the work, it 
13 better to deduct the lesser product from the greater, and 
carry the diffcrcnco to the column in whicli the excess is 
Tiio same losult, however, is obtained by takingtho difference 
between the perpendiculars East and West of tlie two pomts, 
and multiplymg it by tlie co«sinc of inclination of the line, 
placuig the product in its proper column North or South, as 
the case may bo, in the present uistance, it is 

gy y, Ty ssi Arcs o^Tfgy or Soatb Product to tbc East of the Alcndian 
and gOr X i »► » West 

or rcrcrsetl ,, North Product East „ 

The difference of the two would be carried to the South 
products, the excess being South, wo should obtam the same 
result however, if we take the difference between gg and gG 
and multiply by Fy, which is the usual method in tlie 
Traverse Tabic. 

llai mg now oxplamcd why these products arc called North 
and South products, and also shown that the difference be- 
tween tliem gives double the area of the polygon, ivc will 
cxemphfy how they are obtained by a reference to the diagram 
page (29 j ) 

We haao already said, that to obtam the area, wo must look 
on tlie lUstances on tbc perpendicular as computed from the 
first station or starting pom^ os the sides of certam figures 

2 P 



wliicli nniitiijliud into the distances on the meridian^ -will give 
the North and Soutli products above alluded to^ for instance: 

On the line jVB, the distance on tlie perpendiculai’ Z»B, 
luultiplicd into the distance on the meridian Ab, will give 
double the area of the triangle ABZ» a North product^ the line 
AB running Nortlnvard. 

On the line BC, tlic suni of the distances on the perpendi- 
cular at each endj or bB -}- cG multiplied into the distance on 
the meridian be, will give double the area of the Trapezoid 
a South product, the line BC, running Southward. 

On the line CD, the sum of the distances on the perpendi- 
cular at cacli end or cG -{- clD multiplied into the distance on 
the meridian cd will give double the area of the Trapezoid 
^/6•CD, a North product, the line CD running Northward, and 
so on, until we arrive at the last product on the line JA. 

The North and South products bemg then respectivelj 
added up, the difference between the two sums will be double 
the area of the Siuwey, the half of which will give the area in 
acres and decimal parts of an acre. 

"We may here observe that in all the works in which the 
Universal Theorem has been treated of, for the ascertainment 
of areas, the meridian has been assumed as lying enthely out 
of the Siu'vey, but this is contrary to practice. The meridian 
of a village circuit must naturally pass through the first station 
of a Survey, at the point where the mstrument is first set up 
and except in very peculiar figiu’es, tliis causes a portion of 
the figure to fall on both sides of the meridian. 

To assume a meridian to pass enthely out of the Survey, it 
is necessary to go out of our way, and from its extreme East- 
ing or Westing to adopt a quantity greater than either, and so 
calculate the length of each co-ordinate from this assumed dis- 
tance, at the same time that it involves the necessity of an 
extra calculation for finding the area. There is no possible 
advantage in tins method, as the same result is obtained by 
maldno' use of the co-ordinates East and West of a meridian 
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lunmng tlirougli tlie Sui\ey, givuig considerably less figures 
m the calculation and consequently less labour m deducuig tlio 
products 

To follo^v therefore the simplest and most natural course as 
met witli lu daily practice, must be the most advantageous and 
it IS not only so as regards tlie aica, but hLcwise m respect to 
the plottmg , to take the meridian passing through the first 
station, the protraction is at once easily and simply laid dov.n, 
without the necessity of further calculation md more incon- 
vement lengths of scale and compass 

An assumed meridian out of the Sur\ ey is still more at 
variance with systematic precision and progress, wlicicas in 
extended operations many villages aic plotted on the same 
sheet of paper, and wheio each circuit must bo built on its 
own meridian passing tlirougli the first station On the Indian 
Revenue Surveys, thcieforc, the shoitci and moie practical 
method is pursued and when it is consideicd that from 1500 
to 2000 circuits are on an average amiually sui\ 0 }ed by 
each party employed, a faint idea may be gleaned of the laboiii 
saved by the improvement above specified 



CHAPTER X. 


Ojt the Teaverse Table. 

Having in the hist few Chapters given an explanation of 
the Traverse System of surveying fi*om its commencement, viz. : 
the angular work and measurements m the field, to the findmg 
the tu-ea of the land siu'veyed, it only remains to simplify the 
process, which has talvcii some pages for explanation, by em- 
bodying the whole in a table for the pm'pose and' calculating 
the polygon given in page (295). In the adjoining table 
Col. No. 1 contains the letters representing the stations of the 

Survey. 

„ 2 „ the angles as observed in the Field. 

„ 3 „ the corrections made in those angles, to prove 

them by Cor. 3, Theo. V., Page 12. 

,, 4 ,, the bearings of the several lines deduced as per 

Pule Page 277. 

„ 5 „ the distances as measured in the Field. 

,, 6, 7 „ the distance on the meridian between every 

two stations. 

„ 8, 9 „ the departure of each station from the meridian 

of the preceibng one. 

„ Cl, u, a, a „ the corrections applied to each calculation, to 

prove the Survey conrect as per Pule 
Page 284. 

10 „ the distances on the meridian of each station 

from the first in the series. 

11 „ the departure of each station from the first in 

the series. 

12 „ the sums of each pair of co-ordinates obtained 

from Column 11, to be multiplied into Columns 6 and 7, when the res- 
pective product.s are placed in Columns 13 and 14. 
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the series. 

„ 12 „ the sums of each pair of co-ordinates obtained 
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'I'lie Inlluviiii'' Hiinj>rUn’utu)n of llie metliod of calculating 
cniiunij-t <S;, U), 1 12, 13 ami 14 will, ifc is lioped, 

the matter bcvuiul doubt ; and by comparing each 
g(*. on quantity with tiiu (llagrams, tho modo of obtaining its 
I’urrcopouding result \ull be easily understood. 

7b uhta'ui Column 4 of tho Tabh: from Column 2. 

(liven the Ijuaring of tho Hue AB, 50*^ 12']!!?^. E. as found 
by Ahlrunoiuical observation, or otherwise. ('Diagram Page 
37S.) 

I’hen, 

AU rio° le- q- i i'=::v:o® ea'-iso^^i 23' s. e. or Uear-j. b c 



nGn0 2:t-i-„C i3l 10=201 

3;J— ICO = 21 

33 y. E. 

}} 

CD 

J? 

Cl) 21 :t;j+ „ D na -11=130 

11+ ISO =31.7 

1 1 X. W. 

}> 

D E 

>1 

DEUir* ll -'r „ E 50 12=371 

ISO = 191 

50 3. \y. 

}f 

EF 


r.r U)1 oO + » E 01=123 

57—160 =213 

57 S. W. 

99 

EG 

>> 

I'Ci 213 .77 + „ n 2U1 21=710 

13— IcO =333 

IS X. 7V. 

99 

GU 

>> 

GIUWO IS-F „II 10 10=:)32 

53— ISO = 202 

53 S, W. 

39 

II I 

n 

III 202 .73 + „ I 121 03=021 

01— 1.«0 = 111 

01 S. E. 

99 

I J 


IJ 1 a 01 + „ J S3 1S=.»27 

10— 1.«0 = -17 

10 X. E. 

39 

J A 


JA -17 10 -1- „ A 162 G3=200 

12— 180 = 50 

12 X. E. 

39 

AB 


To obtain Columns G, 7, 8 and 9. 


Jlulc . — As Radius : Distance:: Cosine of Bearing : Latitude 

o 

and : : Sine of Beiu-ing : Longitude or Departure. 

Ijatitudc = Distance x Cos. Bearing; or 
Departure = Distance x Sin. Bearing. 

(Seo Dia'jr.niii Pag^c 282. 


Line AB 

Lat. A b~ AB 

Cos- 

A 

99 

BC 

99 

B n — BC 

99 

B 

99 

CD 

99 

C 1 = CD 

99 

C 

99 

DE 

99 

D m = DE 

99 

D 

99 

EF 

99 

E n = EF 

99 

E 

99 

FG 

99 

F 7 / = FG 

99 

F 

99 

GII 

99 

G jJ = GH 

99 

G 

99 

III 

99 

H (7 = III 

39 

H 

99 

IJ 

99 

I r = I J 

99 

I 

99 

JA 

99 

J 5 = JA 

99 

J 


Long:. 1) B = AB Sine A 

„ 7i C =: BC j, B 

„ 7 D = CD „ c 

„ HiE == DE „ D 

„ F = EF „ E 

„ yG = FG „ F 

pH = GD „ G 

)» <7 t ~ II I j, H 

V J = I J ,, I 

s A = J A „ J 


>5 



303 


ExampU of Columns 6, 7, 8 and 9. 

On the Line AB given, Bearing N. E. 50“ 12' Pistance 8.35 

Cosine. Sine. 

Hearing 50°15y 0 806254 9885S21 

Distance 8 35 0 921C86 0 921686 

•727010 = 5115 Lat 807207 = 0 41 Dep 

The above example by Major Boileau’s Tables, (see Note 
Page 289.) 

latitude. Departure 

Dearmg Q0°1~ 5*12 ..«•«. 800 615 

•19 30 2S 

Distance 835 01 ...... 5 . ... 03 

535 641 


To obtain Column \Ofrom Columns G and 7. 


Lme AB Dist. on tlerd. cf A to B or A2> = N 5 33 


, DC „ 

„ B „ C 

, DA=S 7*47 


. CD „ 

,1 C „ D 

S 2 14 Diff. 

, C« =: N 14 84 

f Distance on Slendian 
( of A to C or Ao 

, DE „ 

M B„E, 

N12T0 „ 

, D«=N 9 70 

{ of A to D or Ad 

.. DF » 

„ E„F„ 

N 22 40 Sum, 
En ZZS 4 42 

{ofAtoEor Ac 

» FG „ 

» F»Q. 

N 1807 Diff. 
=S 4 60 

f of A to F or j\f 

.> GU n 

„ G„U„ 

Niass „ 

Gp ~ Tf Q 45 

f of A to G or A^" 

» HI .. 

» H „ 1 , 

N 22 83 Sum 
11^=314 83 „ 

{ of A to II or AA 

.. tJ » 

•• I ..J , 

N BOODtiT. 

, Ir =3 13-23 „ 

^ of A to 1 or At 

.. JA „ 

,, ,,A, 

3 5-28 „ 

,Jfs 5-23 „ 

{ of A to J or Aj 


OOU 



:u).\ 


'I’tt ufjtaiii Ci/lnwn \ l front Columns 8 and U. 
,\i! I). j irtur*' 1>1 A !<» U .>f Ml i: i/iJ 


• t 

lif 

- 

.. B 

.. *' u: . i: c-L-j 



** 

fl> 


.. c . 

, B „ 

n 12'iJU Sinn 

fB i: iV.'o 

Bi jl. 

of A to C or cC 


Bi: 


.. I» . 

. V. 

E H-ltJ 

).iE.=.-\V U70 

Tl 

i> A II ,) (JB 


iii- 

,, 

If M 

F .. 

E 6'7tJ Biff. 
fiF=.-B' 0-!'3 

#1 

>1 A „ L ,1 t'E 

f 

If} 


.1 1* .1 

n 

E 7-cA ,, 
12-iy 

It 

i» *) F f> y'E 


Gll 

1 1 

*• j» 

H „ 

B' L.'iO* „ 

1-71 


If II C II f/C 

»» 

in 

>1 

f, H 

I 

B' tflOSiim 
.7l=B' G-2S 

>> 

„ A ,1 II ,1 /ai 

II 

ij 

fi 

II ^ II 

J 

\V 1.'>-Ud „ 
rJ= E Oa'J 

It 

>1 A ,, 1 11 il 


JA 


If ^ 1) 

A 

W 5-70 Biff. 
i’A = E o’lo 

It 

II .V II J ,1 jj 






O-QO 




To obtain Column 12 from Column 11 . 


Lino AB Dupnrturo of A to B or Z>B = E 0’12 


Line BC 




Lino CD 


Line BE 




Lino EF ■ 


ff 


Lino FG 


„ A „ B „ MJr=E 0-12 
„ A „ C „ cC r: E 12 G0 

E 11)'02 tjum of Co-ordiuate.s. 


»> 

A 

tl 

c 

II cC = 

lE 1200 


A 

It 

B 

t> 

UD = 

:E IS- JC 







E 31-OG 

>t 

A 

>J 

B 

t> 

(ID = 

E IS-IC 


A 


E 

7> 

fE = 

E 8-70 







•p 07.00 

Alt 

» 

A 

ji 

E 

J> 

oE = 

E 8-7G 


A 

7i 

F 

7} 

/F = 

E 7-83 







E IG-SO 

>> 

A 

}} 

F 

}i 

/P = 

E 7-83 

)> 

A 

i> 

G 

7> 

rjG== 

W 4-3G 


)> 


if 


)> 


M 


E 3-47 Biff. 
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J Departure of A to Q or^Gss \V 4 3G 
„ A „ H „ Air = \V 0 10 


i 


W 13 43 Sum of Co'Ordmates. 


„n„AUa=W 010 
, I„tl s=W 15 33 


, A „ r„tl =W 1538 
, A„J„jJ 5 75 


, J „jJ ssW 5 75 


To obtain Columns 13 and \-itfiom the multiplication of 
Column 12 into Columns G and 7. 



North Prod 

South Prod. 


N B & 9 W. 

N W & S B 

Liue AB 

iBXAkorlf C42XE S33s 343 


„ BC 

AB+cCXic »S 1003XE 7 47 =s „ 

1430 

„ CD 

cC X N 3100X E 14 84 s 4008 


>1 DE 

dD + ^E Xc(< »N 27 2SX E 0 70 = 20C3 

„ 

„ EF 

ce 4*/E Xt/ »»E W50X E 443 = „ 

733 

, FG* 

/P—gOXfdffS 347 XE 4 00 = „ 

103 

„ GII 

yG + AiIXffA „N 1346X 'V 045 = „ 

IS 71 

» ni 

AU + iI XAi „8S448 x'V 1483 = 30 29 

„ 

>1 IJ 

tl -i-jJ X y „ S 21 13 X W 13 33 = 83 00 

„ 

„ JA 

JJ XM ,.N 0 75X W 523 = ^ 

303 


Sums . . 140 48 

38 00 


3S-90 



DifT. . . 101 53 Acres =: doublo 


the area of ABCDEFGIIIJA. 

Consctiucntly 

(5D X 5^ + cC -t* <ID X cd + JP + <E X + Alt + il X At 4* tl +jJ X u) — 
(ill + cC X Ac + cE +/P X cT -h ^-gGX/y + gQ+Ari x gA + jJ Xj V) 


Doublo the area of the OgnireADCDEFOIXlJA, Pago 005. 


* Tho Co-ordinates here cbaaguip trooi East to Wat, or crossmjf tho Mcri- 
dioQ of Station A, the difference bchreen the pairs instead of the sum is taken, 
by which means tho area of the Paralklojram r.r Gy, Is properiy balanced, tho 
portioalymg to tho WestofthoileniiiiuiofA,bcinff cancelled by a portion on 
the East side, Icaring a diiTurcaco in faror of the latter, and which accorJinjly 
remaining East and multiplied by a Soathlog, forms a South Product. 

* 2 Q 






Wo have new un'k-avoured to explain tho Traverse Table, 
anil thougii uU tho operations which liavc been given at lengtli 
for tho saltc of explanation appear laborious, they are per- 
ft)rmed with tho greatest facility, tho wiiolu with the exception 
of Columns 0, 7, S and V, being obtained by a simple tidditioii 
or subtraction, and Columns Ki and M by multiplication. 
Such is tlio traverse system of surveying, and to use Mr. 
AtlaiUii'* words the superior accuracy and case with which 
every part of the process is performed, cannot, it is imagined, 
fail to recommend it to every practitioner.” To apply the 
system in practice will form the subject of other Chapters. 

• (u'omct rival hy Gvorifc Adano, 1610. 



CHAPTER XL 


On the strength op a Revenue Survey Establish- 
JIENT, AND detailed DUTIES OP ITS COMPONENT 
PARTS. 

The Establisliinent of a Revenue Survey Is regulated accord- 
ing to circumstances and the requirements of the Government, 
but in general they are confined to two grades, a double and a 
single establishment. In tlie North-TVestern Provinces, wliero 
the completion of the settlement was deemed of great impor- 
tance, the strength under each OlHcer was of the former cha- 


racter and consisted of the following persons, 

viz.: 


Revenue Surveyor, 



Covenanted ^Vssistant, 

1 


Sub-Assistants, 

7 


Native Assistants or iVfootsuddics, 

25 to 

30 

Tiudals, Classics, or Measurers, 

170 to 

200 

Klmsrah, fixed Establisluncnt, ...« 

G 


Guard, 

16 to 

25 

And for which a fixed annual maximum sum was 
under the four leading heads, viz. : 

Rs. 

granted 

Sur\ cyor and Contingencies, @ 726 

8,712 


Assistants, 

13,680 


Native Establishment,* 

13,980 


Field Guard, 

1,152 


Total per Annum, 

37,524 



* lQcIud«t one Natire Doctor noty Attached U> all Surr#^ i. 
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and sec if the offsets lia\ c been properly talcen, and to check 
the azimuth extending from village circuit to circuit, and 
make it accord with the true azimuth of the mam circmt at 
cacry point at ayhich a junction is proaed He must regulate 
likciMso the filhng-in, of tlie Geographical details of cacry 
village circuit, and guard against any error in the proceedings 
of the native Suraejorsavho perform this duty, taking especial 
care that the magnetic variation of the compass used for tins 
purpose IS properlj adjusted to the true meridian and the 
bearings laid down on the Field map accordingly It is the 
duty of this Officer also to compare the external boundary of 
the village map with the Thdkbust or Settlement Officer’s 
demarcation map, and to make an immediate report of any 
discrepancies uluch may appear, and when tlie measuring 
Aumcens are engaged in the Sub^Assistant’s Division ho has 
to test their vork in the Field, and control and check any 
abuses which ma^ come to bis knowledge, ho has likewise 
to render an account of the progress of the 8ur\ey, and to 
sec that a duo amount of daily Field-work is produced hy each 
chain party under him, and he is strictly responsible for the 
accuracy of c\ erj portion of the w ork w ithm his own di\ ision, 
which must be duly attested, before it is sent on to tho 
Superintending Officer 

The Native Sub-Assistant in charge of a Douiidaij parh 
sur^CJS all tho village circuits, w ithm tlio mam or Pergunnah 
circuit, observes the angles with tho Tlieodohte, keeps the 
Boundary Field-book m Dnglish and enters the offsets On 
the close of each daj’s Field labor, or as soon as a comcnient 
quantity of work is completed, he fon\ards the Field-book to 
the Sub- Assistant, wlio extracts all the data for making, or as 
It IS tcrmotl ptitting up, the tra\ cn>c The Boundary Sur\ oj or 
also immoihatelj reports anj difference he maj lm>oobseiacd 
between the TMks or mud pillars and other marks actually 
existing in the Field, and the sketch map furni«hc<I bj the 
Settlement Officer 
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Tlie infci’iov dolail Native Sub-Assistant, surveys all the 
Gcograpliical details villiin each village circuit vitli a Pris- 
matic or couuuou surveying compass and ebaiu, such as the 
A'iHagc sites, rivers, nullahs, jhecls, roads, temples, &c., 
slcctcliiiig ij) large tracts of jungle or waste, and recordijjg tlie 
j}/of'//srf7 name of each village site. Being furnished with a 
drawing hoard and T square with the exterior lines of the 
village circuits protracted thereon, the boundary on any par- 
ticular line can easily be re-surveyed by this individual or any 
disputed piece of land laid down according to the decision of 
the local authorities. The interior Native surveyor also is 
available for collecting statistical information from the village 
authorities and zemindars such as the nmnber of houses, 
ploughs, head of cattle, the soil, crops and liarvest; and in 
cases were the Khusrah Aumeens do not extend then* measure- 
ments to such villages, this plan may be followed with ad- 
vantage, although it may be the means of delaying the detail 
surve}^ a little. 

A Boundary chain party consists of the following indi- 
viduals, whose special duties will be remarked on in the 


sequel : 

Native Assistant Surveyor 1 

Tindal 1 

Chainmen 3 

Flag-footers 4 

Offset-man 1 

Instrument carrier 1 

Total 11 


This number is absolutely required for the effective pro- 
secution of the surve}’-, in addition there is generally a Police 
Burkundauze or Peadah from the Settlement Officer attach- 
ed, to cause the attendance of the parties concerned on both 
sides of the boundary, and to prevent complaints and demands 
for Etissud or supplies. The interior chain party requires only 
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8 mon, IS 'imple for the nature of the sm\e\ iud the 

instruments employed 

The duty of the Revenue Suncyor is to exercise a general 
superintendence o^er the whole establishment, and to direct 
the combined Professional and Khusrali operations in such a 
manner that accurac} and despatch may be preserved, and at 
the same time that neither should be unduly sacrificed to the 
othci, ho must regulate his progress so as to keep his expendi- 
ture within tlie maximum allowed sum On him devolves 
the chief and most important point of lajing down the true 
meridian by Astronomical observation, and of testing the same 
in various parts of his work, and thus satisfying himself that 
the azimuth conveyed from mam circuit to mam circuit does 
not deviate from Us true inclination beyord the allowed error 
Ho should be constantly on the move visiting each Sub-Assist- 
ant’s camp, rendering advice and assistance in cases of diffi- 
culty, and examining into the state of tlio work as i* pro- 
gresses step by step, taking especial care that the calculations to 
tlie extent of the proof items are fully brought up and keep 
pace with the ricld-uork He should have a thorough know- 
ledge of Ills district, and be thus able to check anv glaring 
defect in the delineation of the Gcognpliical features of the 
country, in fact, as U‘c responsible agent, it should be the 
aim of this Officer to niainUmi such a systematic and methodi- 
cal course, tliat lus own, and all Ins subordinates profes- 
mtfrrA tAivracier mny \>e i>eciaTxt4 

Anotlior great and important point in the duty of tlic Sur- 
veyor, as well as lus Assistants, is to keep all tlie instruments 
in a proper and efficient state, and on all occasions to sec that 
they arc m perfect adjustment The most liberal supply of 
the very first rate instruments isgrante<l by the Govorimient 
and as the wear and tear on a Revenue survey is very great, 
too much attention cannot be paid to the subject U itli such 
a proportion of J»ativo agency, it may be imagined tint a 
Th'XKlohte employed daiU for six months in the year, subject 
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to all weathers, must suder in some measure and unless looked 
after will soon get out of order. On the character and capability 
of his instruments, the value of a Surveyor’s labors must in a 
great degree depend. It is therefore essential that as often 
as tbe occasion demands, a Theodolite should be carefully 
cleaned ; the limb should be dusted with a fine camel hair 
brush, and periodically on the close of a Field-season, the 
graduated silver limb should be gently washed with soap and 
water, and then cleaned with a piece of old silk, some fine olive 
oil and a little lamp black, freshly made and free from grit — 
the best oil for the axis is goose or duck fat All instru- 
ments damaged, or worn out, and requiring reiiair are sent to 
Calcutta during the recess, and put into efficient working 
order, or exchanged in the Mathematical Instrument Maker’s 
Department, and returned in time for the ensuing season’s work. 

In addition to a full complement of Glassies or hleasurers 
for each Sub-Assistant and Native Surveyor a considerable 
number of men of the same class, are required for preparing the 
station lines preparatory to survey; this preliminary duty is 
most important, and requires much time and skill in its effici- 
ent performance, and without all the stations are so marked 
out ready for the survey party, the valuable time of the Sub- 
Assistant would be lost, and an undue Cost thus thrown on the 
work; frequently there is a vast deal of jungle to be cut 
through, occupying a line-cutting party several weeks ; distinct 
sets of men are told off, for the main circuit and the village 
circuits. 

Main Circuit Line-cutters are emploj’-ed in preparing the 
station points of a survey on the exterior of a Pergunnah or 
other tract of country, and their method of proceeding is as 
follows : 

The Tindal, (selected from the most expert and intelli- 
gent of the Glassies) is accompanied by a Classic, some- 
times two, and receiving his orders to start from a given point 
on the exterior of a Pergunnah, generally where three Per- 
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gunnahs meet, plants his first station at the tn-junction , he 
does this by means ef a bamboo peg, ibout a foot long, Trhich 
he dnvcs firmly into the ground, leaving about 2 inches of it 
abo%e the surface and round which he cuts 5 trenches, as 
shonn m Fig 1, Plate V, these station points arc called 
Pergtmnah Tnple-houndary Stations , this done, he stands ov er 
the peg, holding a flag upright, and diiects his Classic to 
proceed on along the boundary of the Pergunnah, until ho 
comes to a spot uhere three villages meet, he there plants 
another peg and marks it as shown in Fig 2, Plato V , these 
points are called Village Titple-dioundary Stations 

Should tlio offsets to the boundary between these two 
station points be too great, or ca.ceed 5 chains on each side 
of the line, (which can easily be ascertained by the direction of 
the bamboo marks or mud pillars erected to mark the 
boundary line, and which is inaanably done, previous to 
the sur\ey commencing,) intermediate station points must be 
planted in such a manner that the ofisets on each line may bo 
brought uithin the aboio limit, all these intermediate stations 
arc marked as slioun in Fig 3, Plate V 

To enable the Tmdal to ascertain the names of the villages, 
&.C., to his right and left hand as he proceeds and to ensure 
his keeping on the boundary of tho Pergunnah, he is furnished 
with a general Peruannah, on the different Zemindars, to gi\o 
such information and assistance as maj be necessary Tlie 
Tindal proceeds in this manner, running a senes of stations 
all round the Pergunnah, keeping it to Ins left hand, marking 
where the exterior Pergunnali chants b> cutting 5 trenches, 
Q\ cr) \ illage tnple-boundary bj 3 trenches, and e\ er^ interme- 
diate station h} 2 trenches, until he amves back at the 
point he started from , near each station, a bamboo w ith a w isp 
of straw IS generally planted in the ground, to enable tho 
Assistant when sun eying the main circuit, ns this is called, 
to see the direction of every succeeding station, and thus 
prevent nni dcla\ m finding them when in the Field 
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The duties of the Villaffe IJnc-cntlcr are exactly similar to 
those of the main circuit line-cutter witlt this exception, that, 
whereas the main circuit line-cutter does his work by main 
or large circuits of Porgunnahs, the village line-cutter does 
his by smaller circuits of villages, contained within the main 
circuit, making use of all the triple-boundary stations of the 
former, on the main circuit, as so many points for closing his 
own work on ; he proceeds thus : 

He takes any village triple-boundary station on the main 
circuit as a starting point, and keeping the village to his left 
hand, ho sends his Classic forward along the boundary, until 
he comes to a spot where 3 villages of the Pergunnah meet, 
including the one he is preparing the stations of, he there plants 
a station cutting the ti’enches as in Fig. 2, Plate V., and filling 
up between the two points with other stations should the offsets 
on each side exceed 5 chains. 

Thence the Classic proceeds along the boimdary, still keeping 
the same village to his left hand, until he comes to another triple- 
boundary, marking it and filling up intermediately as above^ 
he continues on until he arrives on the main circuit ao-ain, 
at a different station from where he commenced, here he closes 
his work on the main circuit station, as all the stations be- 
tween his closing one, and the one he started from have been 
already prepared by the main circuit line-cutter. 

Having thus completed the stations for one village, he com- 
mences again on either a triple-boundary of his own work just 
prepared, or again on a main circuit triple-boundary, and 
keeping the village to his left hand, he proceeds round it, until 
he comes upon a main circuit triple-boundary, or one of his 
own interior village triple-boundaries, where he again closes 
his work, as the intermediate stations, between where he 
started, and where he has just closed, if the main circuit have 
been prepared by the main circuit line-cutter, and if of 
interior village circuits, they have been prepared by himself; 
he thus proceeds with every village within the Pergunnah 
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until tlic uhole of tlii.ui ire pre^jiicd in the manner des- 
cribed ^ 

Should the Ptr^^unnah be laige, consisting of 150 or 200 
villages, it IS usual to send 3 or 4 parties, to prepare the vil- 
lage stations, subdividing the Ptrguiinah equally amongst 
them, and stalling them from opjiosite sides, in such a manner, 
that they may all meet at the cloaing of their vv ork, n hen no 
confusion will take place, in their taking ono another’s stations 
to close on 

Main circuits can dso he subdivided in the same manner, by 
st iiting the line cutters from various Pergunnah triplo-bound i- 
r^ points, on the c\tciior of the Pergunnah, and directing them 
to proceed on, keeping the Pergunnah to their left hand, until 
the) come to the nevt Pergunnah triploboundary,vvhenif ano- 
ther hne-cutter has started from thence, ho will find it out, by 
seeing tho stition point alicady prepared, and on which ho 
must close his portion of the mam circuit 

Village liuo-cuttcrs aic always supplied with a list of vil- 
lages within the Pergunnah of which they have to prepare 
the stations, and the} are furnished with a Perwannah, on the 
various Zemindars witlim their track, to obtain such assistance 
and information as mav be ncccssarj to prosecute their w ork 

Lino-cutteis’ duties arc verj troublesome and laborious, for 
thej act as plonccr^ and prepare the country for survey, 
and have many difficulties to overcome, not only from the 
nature of tho country, but from the delays caused the 
non-attendance of village authorities, and the difficulty of 
procuring tho information they require to enable them to 
carrj on their w ork , thej are generally in consequence paid 
a higher rate than the Classics, or from 5 to 6 Rupees per 
mensem 

Chammen arc cmplojcd m measuring the distances between 
the station points as above prepared hj tho lino-cutters, two 
men drag the chain, and a third is necessary to hammer the 
pm m and stand by it until the rear man comes up, this 
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leaves a duraUlo mark on llie ground, and precludes a cliance of 
miscalculation, should the airow be distuil;ed by the chain — 
lor the method of measuring chain linos and keeping the 
accounts of them sec page 103. 

Offsrt-Tfini. 'J’heir duly is to measure the offsets from the 
chain line to the boundary, and for wliich purpose they are 
pro\'idcd u-ifh an oOset rod of 20 links in length, generally 
made of a light bamboo — directions for its use and of the 
cross stafl’will he found at page 104. 

F/ar/7)ic7i are supplied with hglit bamboos, about 20 feet in 
length, and shod with an iron spike (Fig. 4, Plate V.,) 
surmounted by a small triangular black or red and white 
V.,) according to the fimey of the Surveyor; 
these bamboos arc held perfectly upright on the several 
station points, prepared by the line-cutters, and on them the 
surveyor fixes tlic cross-wires of his Tlieodolite to obtain his 
angular observation. 

Plummets are sometimes used, attaclied to the bamboos, to 
ensure tbeir being held quite perpendicular, but tliey are 
troublesome and inconvenient ; it is quite sufficient for the flag- 
man to place the iron spike of the bamboo on the centre of the 
bamboo peg at the station point, keeping the latter between 
his feet and holding the bamboo with both hands about the 
height of his chest, and in a line with his nose (Fig. 6, Plate 
V.,) his front being turned towards the Surveyor. 

Three flagmen are sufficient for one Theodolite, but with a 
practised and expert Surveyor four are necessary to prevent 
delay ; their method of proceeding is as follows : 

The Surveyor having fixed his Theodolite on his starting 
station point, sends one man to the back station, and one 'to 
the forward station, keeping the third with himself, or at the 
station where his Theodolite is planted; having taken his 
angular observation, by any of the methods shown at page 
132, the flagman standing by him, waives his flag to the right 
^nd left, when the man at the back station, understanding this 
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ns his signal, comes up to the station where the Theodolito 
was and relieves the flagman there, who runs on and relieves 
the flagman at the forward station, who in his turn proceeds 
on to the next station. 

All these reliefs are made wdiilst the Surveyor is engaged 
measuring the distance between the two station points, so that 
on his arrival at the end of the chain line, the flagmen are 
again in their proper position, to enable him to observe his 
second angle, and thus no time is lost 

The flagmen thus continue on from station to station, reliev- 
ing one another, until the circuit of the village is completed. 
Flagmen should be light, smart, and active men, and well 
trained to running, for much time is sometimes lost by the 
Surveyor in having to wait for the forward flagman reaching 
his station. 

Instru7nent carriers, are for the purpose of carrying the 
Theodolite or compass from station to station. They are 
supplied with a leather sling belt, (Fig, 7, Plate V.,) end- 
ing in a socket, into which the feet of the Theodolite stand, 
when closed up, are introduced; this sling bolt hears the 
weight of the instrument, and should therefore he made of 
sufficient strength for the purpose, the instrument is kept 
steady and upright by holding it ns shown in the figure. 

Instrument carriers or Theodolite men, as they are generally 
called, should be selected from tho strongest and most careful 
of the Glassies, for it is no easy matter to carry a Theodolite 
about all day fixed on its tripod stand. 

The instrument box is strapped over the shoulders, like 
a knapsack, and is slung, so that the Thedolite is always 
carried in an upright position (Fig. 8, Plate V.) These 
botes being exposed to the sun the greater part of the day, 
should be well protected with a cloth cover wadded with 
cotton ; a five or six Inch Theodolite can be carried about 
tho whole day by one man, but a 7 inch requires two men to 
relieve one another. 
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These men should he taught to cany the instruraenh so as 
not to jerk it by the motion of tlie body and to be careful in 
avoiding going under trees, as very often a stra}^ branch is 
liable to knock the instrument off its stand, for which reason 
a Surveyor should be careful after every observation to see 
that the spring clamp which retains the instrument on its 
tripod (as described in page 129,) is secure. 

The remaining Glassies are employed in carrying the T 
square and board, the Cross-staff, &c., their duties requiring 
no particular notice. 



CHAPTER XII. 


On the Commencement and Effective Prosecution 
or A Revenue Survey. 

On tho proper division of labor depends the successful pro- 
gress of a Sun’Cj’j duties once told off, sliould be adhered to 
for the season’s operations ; if a Surveyor is continually chang- 
ing the duties of Jus establishment, he vill as surely get his 
work into confusion, and delays and consequent check will 
bo the result. Some system or method must bo observed in 
disposing of a large establishment to the best advantage, and 
by a judicious distribution of the proportion of European to the 
Native establishment, and suitable localities of tho Head- 
Quarters of each camp or party, the allowed means are turned 
to the best account 

It must not, however, bo supposed that every Officer super- 
intending a Survey, observes the precise same system of car- 
rjing out the details of liis work. 

The profession of a Surveyor above all others affords tho 
most ample scope for ingenui^' of practice, and it will gene- 
rally be found that every Surveyor has peculiar methods of 
various practical sorts by which he believes his operations arc 
benofitted; \\c shall therefore endeavour to explain in tho 
following pages, the Ic.ading principles of our own axpcriencc 
combined with tho knowledge of that of several contem- 
poraries. 

On the Revenue Suiveys in India, tho Surveyor is not 
merely dependant on his own resources, he has to look to the 
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j)rocco(liiigs o( anollicr and distinct cstaljlislnncnt^ that of the 
Civil or Settlement Oiliccr. to be supplied with a sufficient 
quantity of work, and without tlic proper adjustment and pre- 
pnv.ation of l)Oundnvics by this functionaiy, no Survey can pro- 
ceed. Tills is explained at length under Part r\C of this Book, 
treatinp; of tlic important division of all Revenue proceedings 
the Khvsrah or Native Field measurement. 

In the first place, it is advis.able to obtain, if possible, a map 
or sketch of the district cominir xindcr Survev. and by yetting- 
a bird's eye view of the country, to decide where the Sur- 
vevor shoiild commence, and how and in what direction he 

V * 

ought to proceed so as to keej) his work compact ; he must 
settle at once the spot where liis first meridian line is to be 
laid down and note the different localities where he will test 
his meridian as lie proceeds. 

Some months previous to taking the Field, he will commu- 
nicate with the Settlement Officer, and make all necessary 
arrangements with him for the progress of the combined opera- 
tions of both Professional and Khusrah Survey. The Per- 
gunnahs or other divisions to be surveyed during the season, 
must bo decided on, as well as that portion of each Pergunnah, 
on which the Survey operations are to commence, the number 
of Thakbusts of villages or dem.arcation papers n^quired month- 
ly must be settled, as well as the number of villages requiring 
raeasiu'ement by lOiusrah. All preliminaries must be arranged 
prior to taking the Field, and there should be such an mider- 
standing between the Smrveyor and Settlement Officer, as may 
prevent all hindrance to the progress of the work; the object 
of both should be to co-operate mutually with each other, and 
so overcome all difficulties that m.ay present themselves. 

The season’s work being thus, as it were, set in order, 
about a montli previous to the establishment taking the 
Field, the main circuit line-cutters are sent out, to pre- 
pare the stations of the main circuits as shown in the last 
chapter. 
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These men rocei\c their onlei^ fiom and are under Ihe 
immediate control of the Revenue Surveyor, ■uho should 
direct them in their duties, and on no account should they 
be interfered ^rith by tho Assistants or others on tlie establish- 
ment For the better elucidation of the manner of commencing 



the annexed sketch, to be a portion of the work allotted to an 
establishment for the season, and the different divisions, num- 
bered 1, 2, 3, 4, &c., to consist of certain Pergunnahs or other 
local subdivisions ■^ritbin tlio district to be surveyed, the river 
to the south of tlio whole forming the boundary of the district 
in that direction. 

Our first object is to enclose those several Pergunnahs or 
subdivisions within a number of station lines, with a view* of 
obtaining a correct series of angular observations and chain 
measurements round the exterior of each, and which is termed 
a Jifain circuit, the correctness of which being ascertained by 
the usual proof by traverse, tho errors of all the minor or 
Milage circuits surveyed within the main circuit arc prevented 
from extending themselves beyond. Tho traverse calculations 
of a main circuit arc never altered w hen once proi ed, .and they 
arc, together w ith the angles, bearings and distances, all appli- 
cable to tho several vilhige circuits in which tlie main circuit 
lines may fall. 
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To pvop;\rc n cirvniit thcrofore of tlie kind, the mnin circuit 
line-cntters receive tludr orders us follows : 


One linc*cuttin<i part}* to start from A., a second to start, 
from B. a tiuni from K, a fourth from If. and a fifth from D. 

The fnvt party startinii from A, arc directed to proceed along 
the northern hank of tlio river, keeping Pergunnah rSo. 1 to 
their left liand, until (hey come on No. 2, then to run their lines 
between Nos. 1 and 2, as far as No. 4, to continue on between 
No.s. 1 and 4, up to No. G, or the point D, from whence the 
fifth p.arty .ahovementioned started, and to close the Avork on 
the Station D previously made. 

The second party starting from B, are directed to proceed 
along the nortiicrn bank of the river, keeping Pergunnah No. 2 
to the left hand, and arriving at No. 3, to run lines between 
Nos. 2 and 3, touching No. 4. continuina on between Nos. 2 
.and 4, until tliev come on No. 1. or the Station C. made hv 
the^firsf party as they progressed on the mam circuit of No. 1, 
closins: on the same station. 

The third party starting from E, are directed also to proceed 
along: the northern bank of the river towards circuit No. 5. 
then to run their lines between Nos. 3 and o, until tliev 
come on No. 4, continuing the Stations between Nos. 3 and 4, 
in the direction of No. 2. closing work on the station at F, 
made by the second party, as they progressed with the main 
circuit of No. 2. 

The fourth party starting from H, are directed to proceed 
along the boundary of No. 4, keeping it to the left hand, noting 
the Station I, in the usual manner, as the triple-boundary of 
Nos, 4, o and 6, and to continue on to station D, or the 
point whence the Jiffh party commenced their portion of 
the main circuit of No. 1, and to close work on that 
station. 

The fifth party starting from D, are directed to keep No. 1 
to their left hand, and proceed on until they arrive at the 
starting point A, from whence the Jirsf party commenced 



work, noting tlie triple-boundaries of Nos. 1, C and 7, in their 
progress. 

These five line-cutting parties starting tlieir work simulta- 
neously, it is necessary, that tlic}' should take up the triple- 
boundary stations common to each other as closing points for 
their respective work; for instance, the second party starting 
from B, at the same time that the first starts from A, it is 
necessary that the latter should take up Station B in their work, 
ns they progress round towards C and D, the same as regards 
the second and third party, the former should take up Station E 
in their work, and so on for all of them; if they neglected doing 
this, there would he two stations at every Pergunnah triple- 
boundary, wliich would cause much confusion in the work. 

In the ahscnco of a map of the district, some difficulty may 
ho experienced in directing the lino-cutters at first, but tho 
Revenue Surveyor should endeavour, by all practicable means, 
to obtain a knowledge of liis district, either by information 
obtained from Zemindars or others, or what is better, to take 
a rule over it in difibrent directions and especially over the 
parts whore his work is to commence, and obtain information 
for himself; when once the four or five first Pergunnahs of 
a district arc got over, they of themselves show much of the 
boundaries of the adjoining ones, and a morning’s ride or two 
in advance of his work together with tho assistance of one or 
two smart Tindals, sent about to obtain information, will soon 
enlighten liiin as to how the general disposition of the next 
adjoining Pergunnahs run. 

In tho above manner, four main circuits enclosing an 
area from 3 to 400 square miles arc prepared at one and tlic 
same time, and they should be surveyed in the same way, 
i. e. one Assistant should start from A, and run the circuit 
ABCDFA, a second should start at B, and run tho circuit 
BEFC, closing his work on C, a third should start at E, 
and run the circuit EGIIF, closing his work on F, and a 
fourth should start at II, and run the circuit HID, closing 



Ills work on D, luul if (he Assistaiits urc at all expert, supposing 
tiui number of stations to aVcragc 180 per main circuit, the 
whole sliouhl 1)0 oomplelcd widiiu a week. The angular ob- 
servations and chain distances between two adjoining main 
circuits are made common to both, bv reversinrr the anjrles 
anti measurements of one. circuit, wlu’ch are then applicable to 
the adjoining one, or in otlier words, tluit the angles observed 
and distances measured from B to G, in No. 1 circuit, by 
being reversed/ svill answer for tlie angles and distances from 
C to B, in No. 2 circuit, and that tbc angles and distances from 
C to D, in No. 1, revursed, will furnish the .angles and distances 
from D to 0, in No. 4, and so on through all the circuits. 
Bj these means each circuit is made complete, and adopts 
itself to the usual proof, bringing the Survey round from the 
station whence it started, to the same point of departm’e again, 
and thus the diflerence of latitude and departure of each tri^de- 
boundary is identical in both contiguous circuits. 

To prevent the possibility of error in the chain lines it is an 
excellent plan and one that is generally adopted for the 
Assistant to liaA'e a Native Surveyor following in his track, 
carrying on a second measurement of the lines in his rear as 
he proceeds, Avliich re-measurements should be compared 
every evening as soon as the Native Surveyor arrives at the 
station where the Assistant has closed work for the day, and 
any discrepanc}’' appearing, it should be corrected the first 
thinor the next mornins; hv a third measurement. 

It is not necessary for an x\ssistant surveying a main circuit 
to take the offsets to the boundary marks, as it Avonld cause 
much delay to his progress; they can be taken up by the Native 
Surveyor Avlien surveying the villages in Avliich the several 
lines on the main circuit fall. 

As soon as the Assistant completes the survey of a main 
circuit he should forward liis Field-book of the angles and dis- 


* By reversing an angle is meant deducting it from 360". 
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tances at once to the Revenue Surveyor, whose duty it is, to 
put up, calculate, and correct each circuit ; this may be con- 
sidered by some Surveyors as the duty of the Assistants, but 
they have ample work with the village circuit survey to occupy 
the whole of their time, without being taxed with these calcu- 
lations, and as the correctness of the general work depends 
entirely upon these main circuits, the Superintending Officer 
is the proper person to look to them. 

When these Field-books are sent in by the Assistant, the 
main circuit line-cutters should immediately be told off to pre- 
pare other circuits, so that they maj' have them ready for sur- 
'vey by the time the village circuits are completed within the 
circuits just closed. 

Whilst the main circuits arc being surveyed, the Revenue 
Surveyor should be employing himself in fixing his meridian 
line, that a correct a7imuth for the work may be ready by 
the time the several Assistants close their circuits, for on the 
correctness of this azimuth rests the entire basis of the 
work. 

The first station to bo selected for the survey, viz., A, 
should be the point where the boundaries of three Pergunnahs 
meet ; this forming a point of departure for the whole survey 
from which the co-ordinate distances of all remarkable places 
and conspicuous objects are calculated, must be made ■perma- 


nent by building over it a circular brickwork pillar about 6 

feet diameter, as in the adjoining 

diagram, the station being the centre ^ • 

from which the circle for the pillar •'* 

is described; this pillar serves also 

as a good landmark from which 

the boundary of the three congre- 

gated Pergunnahs may easily be traced, and from which point, 
the true azimuth 'of all surrounding conspicuous objects, such 
as a mosque, temple, remarkable tree, village, &c., must be 
observed, a full description of the same being given in the 



Yvcuvi-U f.f the Stn-vey wifi. ;i view of easily identifying the 
station again, and leading ofV tliercfroin tlic true nioridinn. 

On this station. A, tlie 'Hieodolitc must l^e firmly placed,* 
► V method., as shown in Part Y. of 


this worlc,the true azimuth of tlie first lino of the survey. The 
vSurv('yor sho»dd not, however, rest satisfied with tlic azimuth 
of his first line being correct ; for unless llie angular obser- 
vations between two given points, wliich in a distance of 10 
miles would average from .‘10 to 40, liavc been made with the 
greatest precision, the aziimith deduced through them will 
be erroneous, b}' the same quantity that the angles them- 
selves are. 

The best juethod therefore of preventing any accumulation 
of error, or in other words, of correcting the angular ohserva- 
tiojis so as to reduce them to the usual proof, is to fix on 
various other points on the circuits, and ascertain by fresh 
observations in the same manner as at Station A, the true 
azimuth of the lines measured from these points, such as at 
B, E, G, F, I and D. 

By this means, the error in the angular work between A 
and B is confined within those limits, ?. c. if the azimuth of 
the first line from A is carried through the angular observa- 
tions between A and B, and the azimuth so deduced of the 
first line measiued from B, is -}- or — the azimuth found by 
observation, it is evident that the difference between the two 
azimuths is the error of the angular u'oz’k between A. and B, 
and can be corrected accordingly. 


• "Wo recommend the following method of ensuring the steadiness of the 
Theodolite during observations. — With a radius of about 2 to 3 feet, accord- 
ing to the size of the instrument, describe a circle on the ground, (having the 
station peg ns a centre) by means of a piece of string fastened round the peg, 
and at the other end a small piece of wood, or any thing that will make a 
mark on the ground. Lay off this radius, six times round the circumference, 
making a mark at each point, and at every other point drive in firmly a tent 
peg to within n couple of inches of the surface, and rather inclining inwards 
towards the centre, on these three tent pegs, rest the legs of the instrument, 
which thus becomes isolated in the ground on which the observer moves. 
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In the same manner, the difference beh\een the deduced 
azimuth and that by observation at Station D is the error of 
the angular work between B and D, or between I and D ; in 
the latter case, the azimuth being deduced from the direction 
of Station I, and in tlie former from Station B. The same is 
applicable to the correction of the angular observations 
between all the other stations, viz., between B and E, E and E, 
F and D, E and G, G and Ij unless some system of the kind 
is adopted so as to have a constant check on the deduced 
azimuth, the proof by traverse of the different main circuits 
will he very unsatisfactory^, indeed, they will eventually as the 
survey progresses, be beyond proof altogether. We will here 
give an instance to show how necessary it is to have such 



diagram, to have been surveyed according to their numbers. 
No. 1 first, and so on, and that Station A was the point 
on which the meridian of the survey was first laid down ; to 
complete No. 5 circuit, it is only necessary to start from 
Station B and close on Station C, and to reverse the angles and 
distances of the adjoining circuits, 1, 2, 5 and 4, to suit No. 5 
circuit If the azimuth of the work has not been tested in 
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any uf tlic circuits 1, 2 ;uid 3, the :izinuitli of the line at Sta- 
tion B is entirely dependtinl on the correctness of tlie angular 
work run through these circ.uits. Again, if the azimuth of the 
work has not heen tested in circuit No. 4, the azimuth of the 
lino at Station C is dependant on tlic correctness of the angu- 
lar Avork run throue-h the circuit No. 4. 

Wc will suppose an error of 20 minutes in e.Kcess to have 
gradually accumulated at Station B, by the error of the an- 
gular work between A and B, and at Station C, we will 
suppose the reverse, xh., a defect of 5 jninutes;, it must 
follow, if the angular observations between B and C are made 
even with the greatest precision, that the azimuth deduced from 
B towiU’ds 0 must differ 25 minutes with the azimuth at C, as 
deduced fi*om A ; for the meridian of the work at B varies 20 
minutes east with the true meridian, and the meridian of the 
work at C varies 5 minutes west of the true.meridian, 25 minutes 
will therefore be the error of the addition of the angles of No. 5 
circuit, and Avhicli must be corrected in, to prove the angular 
Avork. As circuits Nos. 1, 2, 3 and 4 are completed, it becomes 
necessary to tlrcoAV this error into the new portion or side of 
No. 5 circuit, or betAveen B and C. Here is the commencement 
of error in the Avhole Survey, the azimuth of the Avork, on the 
northern part of these fiA'^e circuits is, by the aboA’-e correction, 
more or less, incorrect ; this erroneous azimuth is carried on 
from circuit to circuit, until the Avhole Avork is throAvn out by 
it beyond proof. , 

The proof columns of the traverses of circuit No. 5 are added 
up, and large discrepancies are apparent, the station lines are all 
remeastmed over and over again to find out the error, but in 
vain, the chain measurements are all perfectly correct, the 
error lies, in that the . traverses of all the station lines betAveen 
A and B have been calculated on a meridian, gradually in- 
creasing in error to the eastAvard up to 20 minutes at Station 
B, and consequently throwing every station more and more to 
the eastAvard of where it should be, until Station B itself 
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is thrown perliaps 3 or 4 chains to the East of its proper 
site. 

The same as regards Station C- Every station between A 
and C is throvm gradually more and more to the n est of its 
proper situation, until G itself is perhaps 30 or 40 links to the 
West of where it ought to be. ‘ 

The consequence of this is, that whereas by measurement C 
is west of B, say 230 chains, by calculation it is 235 chains 
this error of 5 chains must therefore be corrected all round, 
vitiating all the work of circuits Nos. 1, 2, 3 and 4, or else it 
must be crammed in between B and C, on the only side of the 
new work, and thus increase the difficulty when the e\terior 
circuit on No. 5 comes to be calculated. 

We leave the Surveyor to act according to his inclinations 
in this dilemma, but at the same time strongly advise him to 
do neither, but to go back and re-observe his angular work, 
and satisfy himself of the cause of this accumulation of error, 
>\htch will increase in every fresh circuit, if he does not do so. 
All this might have been obviated by a careful test of the 
azimuth at two or three intermediate points between A and B, 
and once at C itself, when the azimuths of all the lines between 
A* and B would not have deviated more than a minute or two 
from the true meridian, and the error of the circuit (for some 
error there must be) would have been within the correction 
allowed. 

, The best points to select for the purpose are the triple-boiuid- 
aries of Pergunnahs, which form the starting and closing 
points for other circuits, the azimuth at these points being 
tested, any circuit emanating therefrom will be sure of being 
started correctly. 

This method of testing the azimuth at different points is an 
excellent check on the angular work of the Assistants, for as 
they are not made acquainted with the observed azimuth at 
these several points, the error of their work is at once detected, 
the difference between the deduced and observed azimuths 



showing it, ]t is uhiiuI to take flic tiingiictic azimuth of Llie 
hack line when commencing a circuit, to ascertain the varia- 
tion of the needle at starling, and to continue observing the 
magnetic aziumth of every lOtli or 15th line on the circuit, 
with the view of checking any very gross error made in the 
angmlnr work and on closing the circuit, the azimuth of the 
last lino is also observed; but tliese magnetic azimuths can- 
not serve in any way in correcting tlie angles, for the needle 
is not to be depended on for the accuracy that is requisite in 
correcting tlie angular work of the circuits. 

Tlie usual melliod of correcting the angular work of main 
circuits is to divide the error all I'ound the circuit, in the case 
of tlicj^r.f^ circuit, and in other adjoining circuits to divide the 
error, through the new work; hut for an example, let us suj)- 
pose No. 1 circuit, Page 329, to have consisted of 200 angles, 
and to have an ^rror of 40 minutes, in excess of what the 
Theorem requires for proof ; wc will also suppose that between 
A and B, there were GO angles observed, between B and D 70 
angles, and between D and A also 70, making up the 200 
angles of the circuit 

By this method of correction, 12' would he deducted/ be- 
tween A and B, 14' between B and D and 14' between lj> and 
A, making up the error of 40' at the rate of 1' for every 5 
angles. It is found, however, by testing the azimuth av B and 
D, that the correction to he applied between A and p, is — 
20', between B and D — 25', and that consequently toetwee^ 
D and A it must be a correction of q- 5'. / 

By the former method of correction, the deduced alimnth at 
the point B will he diminished 12', at the point D 26', and by de- 
ducting 14' between D and A, the sum of the angles will prove. 

By the latter method, the deduced azimuth at the point B 
must he decreased 20', at the point D 45', and between D and 
A, 5' must he added to prove the angular work. 

The difference between the two methods of correction is, 
that the former is done by guess, and the latter by' actual 
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Astronomical observation, and we think it is but too evident, 
which is the one most likely to give the best results. 

In the preparation of main circuits, where a large river 
forms the boundary on one side, the stations should be taken 
along one side only, and when the adjoining main circuit is 
prepared on the opposite side of the river, its stations should 
run on the opposite side, leaving the river to form a circuit of 
itself ; if this is not done, and the stations on one side of the 
river are made common to both circuits, it involves tlie 
necessity of crossing the river every time a village has to 
he closed on a main circuit station vvliich is not always 
practicable. 

Also, should the work of the season not extend beyond the 
river, it is only necessary to preserve the two extreme stations 
on the river to connect the work of the next season, and we 
therefore advise that a river should always be made the bound- 
ary of a main circuit, even should it not be the boundary of 
the Pergunnah ; there is no more objection to dividing a Per- 
gunnah into two circuits, than there is to enclosing two or 
three small Pergunnahs within one main circuit; and a river 
offers many facilities in tbb country, to laying down by inter- 
section prominent points, such as mosques, temples, &c. which 
are often found on their banks, and perhaps not visible from 
the interior part of the Pergunnah. 

If it becomes necessary to cross tlie river during the pro- 
gress of the main circuit, the distance across should invariably 
be triangulated and the base of the triangle ought always to 
be at least one-third of the estimated distance. The Tindal 
who prepares the main circuit should alu ays clear a line for 
a base, whenever it is necessary to cross a river, and not leave 
it to be done at the time of survey ; this man must also take 
the leading flag during tlie survey of his circuit, for being 
acquainted with all the stations, much valuable time is saved, 
which would otherwise be lost, were the leading flag taken 
on by a classte wdio had to hunt out every station. 



It is riLsolutcly essential that tliese main circuits should be 
surveyed with the greatest care, and the computations carried 
on \mdcr the Superintending Officer’s own eye. Instruments 
of not less than V inch diameter sliould be specially set aside 
for this ]nir])oso, and on no account ever entrusted to the Native 
Assistants. The carrying out of this system, in all its integrity, 
is most strongly insisted on bj* the Departmental Rules. The 
main circuits are intended to free the general results from the 
accuratilation of error, •which otherwise would necessarily be 
engendered by building up one small polygon on another; 
they should therefore never enclose a less area than 50 square 
miles, and the}” may average from that to 100 square miles. 

It may be perfectly eas}*, instead of making a hona. fide cir- 
cuit of this description in the field, to extract the sides of all 
the exterior villages bordering on a Pergunnah, and manufac- 
ture a traverse of the required description, and so evade the 
real intent and meaning of the order, merely for the sake of 
the slight extra trouble caused in going round a main circuit. 
The inefficient supervision over Assistants will cause this, and 
as the consequences are most fatal to the value and character 
of a survey, too much care cannot be observed to guard against 
it, the proof of the work never can come out so satisfactory, 
and therefore it is liable to accumulate error beyond the means 
of reducing it within the allowed correction. 

Each part of the work is rendered independent by these 
means : the larger circuits being measimed with greater care 
and precision and with larger instruments than the smaller, the 
errors are not only detected and made apparent, but they can 
be confined within the space wherein they were generated, 
merely by dispersing the error of the subdivisions or village 
circuits, of which they are composed. 



CHAPTER XIII. 


On, THE Method of Preparing and Surveying Vil- 
lage Circuits, and filling in Topographical 
Details. 

Simultaneously with the preparation of the main circuits, 
line-cutters are detached for the village circuits, and they pro- 
ceed to prepare their villages for survey as shown in Chap- 
ter XI. No definite rules can be laid down for their guidance 
as to where they should commence their work, as it depends 
very much on the size and shape of the Pergunnah or main 
circuit ; as a general rule, they should be told off to main 
circuits in the proportion of one party to every fifty villages 
contained within the ciremt, thirty villages being consideied 
a fair month’s work for one line-cutting party. 

Some Surveyors prepare their villages for survey by com- 
mencing from the main circuit Stations and working inwards 
towards the centre of the Pergunnah ; others, the reverse, com- 
AUftuaiig'.fnnro Aud Jto Jhe .maiu 

and there closing their work ; the latter is, however, preferable ; 
the former is dependant on the main circuit Stations being 
previously prepared, which cannot always be the case, u hereas 
in the latter, the village line-cutter only requires the main cir- 
cuit stations to close the several villages situated on the bound- 
ary of the Pergunnah. 

A little practice in the field W’ill soon show a Surveyor the 
best method of telling off his line-cutters, the only care 
ed, being that of tahhrj up or closing on one another’s 
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points in adjoining villagoSj and of limiting tlieir offsets with- 
in the prescribed inaxiinuin of 5 Cliains on each side of the 
cliain Jiiie. 

A sufficient number of circuits being thus marked out, 
and all tlie stations duly prepared ahead of the surveying 
piu’ty, the mode of proceeding wdll be best explained by an 
example — 

In the adjoining Plate VI, let the Station lines GF, JA, AB, 
and BG, be four lines previously surveyed on a main circuity 
and the three enclosures marked 1, 2 and 3, be the irregular 
figures formed by the boundaries of the villages contained 
'vvitiim tliem. 

For the survey of village jSTo. 1 , or tMahmoodpore, start from 
Station C of the main circuit observe the interior angle BCa, 
thence proceed to Stations a, h, c, d, e, obseinung the interior 
angles of the polygon Cab, ahe, bed, &c., measuring the lines 
Ca, ab, be, cd, &c., and closing on Station J of the main circuit, 
observing the interior angle rJA; to complete the angles of 
this polygon, to obtain the necessary proof, the angles JAB 
and ABC of the main circuit must be added to the angles 
above talien. 

To survey the village of Patpore, No. 2, commence from 
Station c of No. 1, Mahmoodpore, observe the interior angle 
dca, and proceed round measuring the several lines and keep- 
ing the village itself to the left-hand, observing the interior 
angles cab, abc, &c., and closing on Station G of the main 
circuit, observing the angle cGJ ; to complete the interior 
angles of this polygon, the angle GJe is req^uired, obtainable 
by deducting the angle eJA of No. 1, Mahmoodpore, from the 
main circuit angle GJA, and also the angles Jed and edc, 
obtainable by reversing the angles deJ and ede in the adjoin- 
ing village, No. 1. 

For the survey of No. 3,,or Jehanabad, commence at Station 
a, of No. 1, Mahmoodpore, observe the interior angle baa and 
proceeding round through the Stations a, b, c, d, as before, close 
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the survey of the village on Station a of No. 2, Patpore, observ- 
ing the interior angle dac ; to complete the interior angles of 
this polygon, the angles ac6 and c6a are required, the former 
is obtained by taking the sum of the two angles, dca of 
No. 2, Patpore, and bed of No. 1, Malimoodpore, and de- 
ducting it from 360®, leaving the angle acd for No. 3, Jehana- 
bad, and the latter, by deducting the angle aic of No. 1, 
Mahmoodpore, from 360®, leaving the angle c5a of No. 3, 
Jehanabad. 

In this manner are tlie angles obtained from adjoining vil- 
lages, to complete the angles of the village under survey, so as 
to meet the required proof, and it is of actual necessity, that 
when once angles are corrected for a village the outward 
angles, or the sum of any two at a triple-boundary Station de- 
ducted from 360®, must be taken to the minute for the adjoin- 
ing village, otherwise the azimuths of the several lines in the 
adjoining villages would differ, which for the general proof 
and accuracy of the vork, it is incumbent tliat they should 
not. 

The Station Hues are measured at the same time that tlie 
angles are observed, and they aie also common to the village 
under survey, as well as to the adjoining village. For instance, 
the station line Ga, in ^ilaUmoodpore, is common to the village 
adjoining it, Shahpore, as also the offsets on the Hne, deflliing 
the boundary of Mahmoodpore, and consequently also that of 
Shahpore. The offset calculations are equally transferable by 
reversing the sign ; ff the balance area is pfus for Mahmood- 
pore it is minus for Shahpore, or vice versa ; the azimuth of 
the line Ca by being reversed becomes the azimuth of the 
line aO in Shahpore; the latitude and departure of the same 
line in hfahmoodpore is likewise applicable to Shahpore, for 
the distances on the meridian and Perpendicular being North- 
ing and Easting for the former village, become Southing and 
"Westing for the latter, so tliat in every village surveyed, the 
angles, bearings, distances, and traverse calculations, are all 

2 IT 
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so much ■svork done for the village itself, as ■well as piece meal 
for the adjoining villages also. 

The Boundary common to two villages should never he 
twice surveyed, not only on account of the extra work it 
entails, but to prevent discrepancies either in the angular 
and linear measurements, or in the offsets to the Boundary 
•which wmdd probably arise, and cause much confusion in tlie 
work. 

^ In putting up work, it is alwa3's customaiy to enter Jirst 
in the Traverse Table, the angles, •&c., of the old work of 
adjoining villages, commencing at the Station where the new 
work closed, and following them round, until arrived at the 
Station where the new work commenced, and then to enter 
the angles, &'c., of the new work. Thus, in putting up in a 
Traverse Table the three villages shown in the plate, the Sta- 
tiohj'-, would be entered as follows, for all villages adjoining 
them. '\ 


2?amcs of Adjoi ning j g 
Villngos. ' |5 


Joyniiggur. 


Amccrubatl. 


Fon JrnAXABAD. 


Knracs of Atljoining § Names of Adjoining g 


Viilngcs. 


Joynnggur. 



Jehnnabad. 


Cbandpore. 


Dbakoor 3 ’ah. 


Villajres. 


i| 

G !| Patpore. 


Jilalmioodporc. Llnbinoodporc. 

v - — 


Shabporc. 


Knllianpore. 


Jlanpore. 


Janpore. 


Chandporo. 
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The peculiar method of keeping the Field-hook of the 
angular observations and Chain measurements, is of great 
assistance, in ascertaining the starting and closing Stations of 
villages. 

The Field-book of the three villages in Plate VI., is shown on 
the next page; the left-hand column of the Field-book con- 
taining the angular observations, and the right-hand column, 
the Chain distances. Letters have been made use of to denote 
the Station points for the sake of explanation, but in the Field 
this is unnecessary; the letters are generally added when 
the Traverse of the village is put up, the Native Surveyor in 
the Field being guided solely by the names of adjoining vil- 
lages for starting and closing points. 

For instance, in tlie survey of Mahmoodpore, he notes 
down, having commenced the survey at Z. 165® 40' of 
main circuit, triple-botmdary of IMahmoodpore, Shahpore, 
and Ameerabad, the two main circuit distances being 33.01 
Chains and 24.68 Chdns, measured to and from this Station 
during the progress of the main circuit. Mahmoodpore being 
the village under survey, its name is entered at the bottom of 
the page and also on the left-hand side of the Field-book, 
the adjoining village being Shahpore, is entered on the right- 
hand side and continued until he arrives at the first triple- 
boundary where the exterior village must of course change. 
Here a line is drawn across to the riglit, thus denoting the 
Station a triple-boundary one ; Jehanabad is then entered as the 
adjoining village, until arrived at the next triple-boundary, 
and drawing a line again across his Field-book, he enters the 
name of the next adjoining Village Patpore, continuing this 
on until ho closes on the main circuit, where he notes, closed 
on 191® 40' of main circuit, distances 33.40 Chains and 
28.60 Chains, being the triple-boundary of Mahmoodpore, 
Patpore and Joynuggur. 



Closed on Z. 99“ 30' of Patpore. Distance 68.32 and 38.22. Closed on _ 18“ 30' Main Circuit. Distance 34.50 and 31.01. 




Survey of Village Jehanabad. Survey of Village Patpore. 
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To survey the Village of Patpore, he refers to the Vil- 
lage of Mahmoodpore, and finds that it commences at 
93® 31' of Mahmoodpore, being the triple-boundary of 
hlahmoodpore, Jehnnahad, nnd Patpore. Jehanahad therefore 
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is tliG first village to liis right-liancl, and he continues on, 
noting tlie names of adjoining villages and triple-boundaries, 
until he closes on the main circuit at /_ 138° 30'. In the same 
manner Jehanabad is surveyed, commencing at 140° 50' 
of Mahmoodpore, and closing on /_ 99° 30' of Patpore, and 
so on, for the survey of the adjoining villages, mitil all con- 
tained within the main circuit are taken up. 

The main cii’cuit Field-book is kept in the same manner as 
the village circuit, with the exception of the names of villages 
within and without the circuit, being entered on each side of 
the columns. 

We have before said, that in all survey operations, work 
should ahvays be carried on from whole to part, and never 
from part to whole ; this is a maxim which should always 
be borne iu mind, and in the putting up of work, carried 
on under the Traverse system, it requmes especial atten- 
tion; many Surveyors are in the habit of setting up the 
Traverse of every village as it is sent in by the Native Sur- 
veyor, proving and completing it at once. 

This method, unless the angular work is done with the 
greatest care, is attended with some risk, for though to all 
appearance the villages may be correct, when the work is 
closed on the opposite side of the main circuit, the azimuth of 
the village Station lines is sometimes found to differ several 
minutes with the azimuth of the main circuit Station lines, 
even at times to and a degree; this is owing to the 
angular work of the villages having been erroneously cor- 
rected. The best mode of setting up villages, so as to 
ensure as much accuracy as possible, is to put up the angular 
work of the villages as they ai’e sent in, but to malce no 
corrections nor enter the azimuth of any of the Station 
lines, until some 20 or 30 villages ai’e sm’veyed; then 
take the exterior angles and Station Knes of the exterior 
villages contained Avithin the lot, and deduce the azimuths 
of these several lines from a corrected azimuth of former 
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work, verifying it by a junction on the main circuit or 
other proved work; this done, set up the Traverse of the 
exterior of these 20 or 30 villages and prove it in the usual 
way, when the errors of the interior villages or circuits can 
all be kept within this circuit. It is advisable, if the above 
is not attended to, to subdivide all main circuits, into three or 
four smaller circuits, which can very easily he done, by taking 
up the Station lines prepared for the village circuits, and 
proving the Traverse of each of these smaller circuits, which 
will tend much to the general correctness of the work within 
the main circuit 

The whole of the Village Circuits being thus represented, 
and their peripheries defined by accurate angular work, it 
remains to fill in all the topographical details within these 
small polygons, the Stations of which form so many conve- 
nient bases, on which this part of the operations may be laid 
dow with very great facility and precision. For this duty 
the instruments employed are, the Circumferentor, the Pris- 
matic, and the common Sxurveying Compass, together with the 
Drawing Board and T Square, and it lias been found that 
the common Compass or Circumferentor, is preferable to the 
Prismatic Compass, which latter from such constant exposiue 
is liable to get out of order, the card T\arps with the Sun 
and atmospheric changes, and in the hands of Natives it is 
not so easy to use, or to fix in a liorizontal position. For topo- 
graphical work generally, and filling in triangles of any extent 
the Plane Table (page 115) is in general use, and is the best 
contrivance for tbe purpose,but fordetails confined within such 
narrow limits as Village Circuits it is not necessary, and the 
practice therefore on the Revenue Surveys is to employ a 
simple Drawing Board and T Square, (page 226) which is far 
more portable, can be carried in the hand, and with the aid of 
the common rectangular or circular Protractor enables the 
Assistant to draw the whole of the topography in the Field 
with great despatch, and is peculiarly suited for Nati\ e Agency. 
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Prior to commencing tliis interior detail survey^ the Native 
Assistant is furnished with the board containing all the 
Station lines of a certain number of congregated villages 
dra^vn on the paper^ and wliich is momited m the frame of the 
board; fr’om 8 to 10 polygons^ or as many as will conve- 
niently come on the paper, are thus given out, leaving a small 
space on either side of the paper for recording the several 
bearings and distances, which may be required for replot- 
ting the work afterwai'ds and to detect errors, the Station 
lines together with the meridian line drawn completely 
across the paper being inked in; the T Ruler working 
against the lower edge of the board by means of its pro- 
jecting head, forms parallels to the given meridian at any 
given point. This line, however, represents the true meridian 
on which all the angular work is based, and as the interior 
details are filled in with the magnetic needle, it is imperative 
before a single observation can be reduced to paper, that the 
variation of the needle be clearly ascertained, and this is in- 
variably done by any of the methods mentioned in Part Y., 
and recorded on the instrument itself, or on the lid of the box, 
or other convenient place. If the variation be Easterly (as it 
now is in this country) the bearing actually observed must 
be increased by the quantity, before it can be protracted on the 
board, and if Westerly, the variation must be deducted. Every 
needle in use with a survey will be found to differ with refer- 
ence to its polarization ; all work therefore produced by means 
of .this treacherous instrument, must be very carefully carried 
on, due allowance being made so as to reduce every needle to 
the same meridian. 

To obviate, however, the necessity of constantly adding 
this quantity to the bearings taken in the field, the meridian 
line may so be fixed on the board as to preclude any addition 
or subtraction whatever. Before the Stations of the polygons 
ai’e pricked off on to the board from the original rough office 
protractions, it is well to let the meridian line drawn on the 
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board by tlic T Rule, stand for tlie magnetic meridian, and 
then to lay off the variation of the compass to the left-hand or 
Westward of this line (the variation being Easterly) thus 
giving the direction of the true meridian, and on this to 
adapt the several points of the Circuit Survey by fixing 
the true meridian line of the original map, with the true 
one on the Board. The "whole of the Station lines are thus 
transferred from the true to the magnetic meridian (with 
reference to the parallels drawn with the T Rule) and it 
is only necessary to protract the bearing actually read on the 
compass, without any alteration whatever. 

For the more ready adaptation of the magnetic to the true 
azimuth, on which the lines of any village in particular may 
have been calculated, it is only necessary for the topographi- 
cal detail Surveyor to take the bearing very carefiilly of any 
of the Boundary Station lines from wliicli he may commence 
'his work, and the difference between this observed hearing 
and the computed one, with which lie has been furnished on 
his board, is the variation of the needle of tlie instrument 
with which ho is about to lay down the details. This method 
is a veiy good one, as the needles of prismatic and the 
common surveying compasses are so constantly getting out of 
order, that the variation cannot be observed too often, and 
by taking this precaution the work will be found to plot 
infinitely better, and little difficulty will be met with in closing 
on the Stations on the extreme side of the board. To enable 
the interior detail survey to proceed in this maimer, it will be 
observed that the boundary operations must be so far ia 
advance as to pemut of the Village Station lines being ploff*? 
on the large office sheets (or Chuddars*') for transfer to ^ 


• The Chvddur Mtp consists of 8 sheet cf LspHal Paper 
SO Chains corrcctlj draw a on iJ, Ihe lines «p-eveaUns mendians 
diculars, and on which all the Oreinu are protracted, 8id 
joined on or built np, one on tie v±e^. m sn-e^oa as 

and b7whicIiiunchlaboriafared,li-^i=-s*-, * ’-.a ^ 

the area thus inserted, for . 
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board, but this may sometimes not be practicable (although 
if the survey is properly and systematically conducted this 
part of the work will always be brought up) in which 
case the board can still be used precisely in the same way, 
the Native Surveyor recording all the Stations he meets with, 
which can be identified afterwards with the original skeleton 
plan, and mserted thereon without any difficulty, in which 
case the survey may be plotted on the magnetic meridian, and 
afterwards when the details are transferred to the Chuddur, 
the proper allowance must be made for the variation of the 
compass. 

The detail Survejmr proceeds to lay down all the topo- 
grapliical items to be met with, in the following manner : 

In the Village No. 1, Mahmoodpore, (Plate YI.) he com- 
mences by drawing a meridian line with the T Pule through 
the O a, takes the Bearing of the G 1 and measures tne offsets 
on each side, wherever any object presents itself, as shewn 
by the dotted lines, thence observing the Bearing of 0 2, 
proceeds in a similar manner, noticing where the corner of 
the village land touches the line and sketcliing in the tope 
of trees there situated; tliis last Bearing is protracted from 
another meridian line dra'wn through O 1. From O 2 he 
proceeds to G 3, and closes on 0 c to check the correctness 
of his work, this should never be omitted wherever prac- 
ticable; starting again from 0 2, he observes the Bearing 
of 0 4 proceedmg along the road, and taking up the measui’e- 
ments of the tank on the right-hand side. From 0 4, he 
closes again on 0 e, and retm’nuig to 0 4 measures round the 
village land to 0 5 and 6, meeting the 0 2; proceed- 
ing thence along the road through the village site to 0 7 he 
closes on the Boundary Station i, taking up any object of note 
%Yithin reach. 

In the same manner the details of the two Villages Patpore 
and Jehanabad are filled in, following the dotted lines as shewn 
in the Plate; not only are the conspicuous objects and all 
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geograpliical items thus laid down, but all tlie different 
descriptions of land separated, viz., cultivation, -waste, fallow, 
sites of villages, and land fit for cultivation, the area of wliich 
being required for settlement purposes, is found by triangula- 
tion on the map. 

In the survey of the Village Boundary Circuit of course a 
great portion of the details are taken up, every thing that comes 
within reach of an offset on cither side the Station lines, as well 
as by intersection from convenient points of the polygon, is 
duly recorded in the Boundary Field-book and shewn on the 
plot of the Village Circmt, and these items form good checks 
against any errors made by the interior Surveyor when his 
work is compared with, and transferred to the Circuit map. 

With such an extent of Native Agency as is employed on all 
the Surveys in India, it is a great object to plot all work in the 
Field, it saves an immensity of labor, and the chances of 
accuracy are greatly increased; by the aid of the Drawing 
Board much* can be sketched in, and the first impression of 
a locality is not lost, but at once represented on the plan. 
Field-books kept by Natives, ignorant of English, may better 
be imagined than described, it is always difficult for any 
Surveyor to understand fully a Field-book kept by another 
person, but -where novices on 10 or 15 Rupees per mensem 
attempt to keep such records, and hurry on at the railroad 
pace of a Revenue Survey in the present age, we do not 
en-vy the person who has to protract from them. The Native 
Surveyor who brings in his Board well filled, displays at once 
what amount of -work he has done, and a Superintending 
Officer is able to see at a glance, what confidence is to be 
placed on the topography so defined. 

The most intricate and laborious part of the work, is the 
Survey of the Village Boundaries; these are so tortuous 
and irregular, in Bengal especially, that to lay them down, 
the greatest care is required, and as this is the chief object 
of the operations, it is usual* and highly desirable that the 
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Loiindaries should likewise be accurately plotted in the Eield. 
Indeed it frequently happens that these offsets are so dilEcultj 
OAving to the extraordinaiy bends and turns in the Village 
Boundary, and there being no visible landmarks or hedges 
and ditches to divide property’-, as in other countries, that 
to insert them in a Bield-book only, Trould render the 
map liable to inaccuracy, whereas by plotting them on 
the spot, the eye at once sees whether the turns and 
bends on the paper correspond with tlie marks as erected 
on the ground, and a comparison can, at the same time, 
be instituted with the rough sketch fnrnislied by the Settle- 
ment Officer, and any discrepancy enquired into and corrected 
on the moment. 

On this account the boundary offsets demand much time 
and careful attention, a separate Native Surveyor is therefore 
appointed for the duty. The angular and linear measurements 
of the Station lines of the polygon foi'nish the data for the 
traverse computations and are tlierefore urgently called for, 
and the Sub-Assistant is able to proceed ahead witli merely 
tins skeleton work ; the Village Boundary then can be taken 
up by a distinct Assistant, proceeding a little in the rear of the 
Theodohte party, or it may be left for the interior detail 
Assistant, who has ample opportunity and leisure to perfect 
tills portion of the work; the whole of the Station lines of 
the polygons being given out to him on the dravdng board, he 
has only to re-measiue the Station lines roimd the 'suUage and 
plot all the offsets as he advances. 

This re-measm*ement of the Station lines may appear to in- 
crease the business, but the advimtage gained by careful and 
correct boundaries being taken up, more than counterbalances 
the extra duty. This is the practice on some surveys, whilst 
on others the angular observations and boundary offsets pro- 
ceed simultaneously, . the division of labor being generally 
regulated according to the peculiar fancy of a Siuveyor, and 
with reference to the means at his disposal. 
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In the latter case, hoTrever, it is necessary to provide means 
for the protraction of the offsets on the Board in the Field, 
where of course the circuit lines of the polygon are not pro- 



curable, not having yet been surveyed. For this purpose 
supple straight lines are drawn across the Board at a distance 
of ubout 20 Chains from each other. On these lines each 
Stauon line of the Polygon is marked off, and the offsets plot- 
ted Ion each side. Thus, in the above diagram, Ca repre- 
sents the first Station line of the Village of hlahmoodporc 
Plate VI., ah the next and so on to BO, the offsets are 
all laid down on either side by scale, and when the pa- 
pers are taken off the Board, each separate Station is 
applied to the same point on the circuit map, after it 
has been properly protracted, by turning and shifting the 
paper as req^iired, and the offsets either pricked, or traced off; 
each lino is thus identified with its own proper azimuth, and the 
distances being the same, and each following in duo succession. 





tlicrc is i»o clifilcnity ■wlialcvcr in trnnsrerrinfT tliese ofisets as 
flrnwii in llic Field, to their legitimate place on the circuit 
map. 

Tliis system is very frcf|ncnlly practised, as it cnahles the 
Assistant to gel a great deal into a small space, and it is par- 
ticularly easy for Natives, and is dependant on no otlicr n-oidc 
being ready before liand. As an oflicc document, also, it is 
plain and intclligiidc for others to make use of. 

Tlic boundary operations proceeding angularly, the Bearings 
of each line are not attainable at the moment without some 
loss of time, but the relative angular measurements of each line 
with the other, can be protracted on the Board from the angular 
observations if nccessaiy. To do this, however, it requires some 
management and foresight to keep the plot within the limits 
of the Board, and Native Assistants are apt to confuse this. Tlie 
method above described, therefore seems the most preferable 
for perspicuity and despatch. 

The general introduction of the geographical features of a 
country, must be provided for by the many ways of common 
surveying ab’eady described in different parts of this, work, 
and the same system or principles, must be adhered to, as laid 
down in all the English works on the same subject Practice 
alone can fully develop to the Surveyor all the niceties 
and peculiar facilities for gaining the greatest amount of topo- 
graphical information, wdth the least amount of labor, and by 
a reference to the several Plates and Diagrams herein given 
on the subject, it is hoped, that with the easy explanations we 
have endeavoured to append to them, the readei’, (and the 
beginner, for wdiose especial use this work has been prepared,) 
wdll find no difficulty in applying the theory to practice, when 
he is placed in the Field and left to his own resoimces. 

In sketching hilly ground, great care and superior judgment 
are necessary. Small ranges of hills, when met with, generally 
form the boundary of some pergunnah or other local subdivi- 
sion, and therefore come under the immediate cognizance of _the 



Surveyor or liis European Assistants^ and are properly inter- 
sected and laid down by triangulation, in connection 
•with the angular work of the main circuit. This duty 
should, on no account, be entrusted to any Native Assist- 
ants who are only qualified to follow a simple routine course, 
wliich has been duly prepared and marked out for them, and 
who perform mechanical duties very well, without understand- 
ing the reasons. Unless the Surveyor himself is careful to 
superintend, personally, this the most difficult part of his ope- 
rations, the faithfulness and style of his general maps will be 
inevitably damaged. The operation of sketching the features 
of ground, cannot be rendered intelligible by description alone, 
nothing but a matured judgment and experience on the part 
of a Surveyor, will enable him to attain to any degree of accu- 
racy in this respect We defer all remarks on the shading 
and delineation of hills for another chapter. 



CIIAPTKU XIV. 


Os }louTi: Suiivjn iNo axd Militakv Rt:coxxoiss.v:s-ce. 

Route vSurvo3-Sj altlioiigli tlicy do not cojno under tlie iiead 
of scientific or accurate works, can, however, he made to 
approximate so near the truth, as to become verj^ useful in 
filling in the topograph^' of countries that have not come 
under more detailed operations. 

hlilitaiy Reconnoissance may ho said to form a part of Route 
Surveying, for the latter, in a military point of view, would he 
of little use without the former, and a sketch of the country 
combined with an explanatory statistical report, constitutes 
what is called a hlilitaiy Reconnoissance, and in which the 
importance of the sketch, or the report predominates according 
to circumstances. 

Tliis duty is generally performed in India by the Quarter 
Master General’s Department, hut opportunities are numer- 
ousl}’’ afforded to man}’- other Officers in this countrj' of 
ohtammg information of various kinds, which might be even- 
tually useful to the Government, in one way or other’. 

" The object for which an}'- reconnoissance is imdertaken, 
naturally suggests the points to which the attention of the 
Officer should be principally directed; if, for example, it is 
merely to determine the best line of march for troops through 
a friendly or undisputed country, the state of the communica- 
tions, the facilities of transport, and possibility of provisioning 
a stated number of men upon the route, are the first objects 
for his consideration. If the ground in question is to be 
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occupied either permanently, or for temporary purposes, or if 
it is likely to become the seat of war, his attention must he 
directed to its military features ; and a sketch of the ground, 
with explanatory references, together with a full and correct 
report of all the intelligence he can collect from observation, 
or from such of the inhabitants as are most likely to be well 
acquainted with the localities, and most worthy of credence, 
will demand the exertion of all his energies ; upon the correct 
information furnished by tliis reconnoissance, may depend, in a 
great measure, the fate of the army.”* 

Despatch and simplicity of execution are the great things to 
be aimed at in a military sketch, and although the greatest 
possible accuracy may not be absolutely necessary, yet every 
precaution should be taken as far as circumstances will admit. 
Its objects being so different from the more operose surveying, 
the shortest, easiest and most certain methods of practice will 
ever he entitled to the greatest attention. 

The principles of military sketching cannot differ essentially 
from those of Surveying ; they both consist in determining the 
sides and angles of real or imaginary figures upon the surface 
of the earth : these can always be resolved into triangles, 
by means of which ivo lay do^vn these figures upon paper 
to any required scale. But the practice differs very con- 
siderably, and it is for this reason tlmt they are called sketches 
rather than surveys, because so much of them is usually done 
by the eye, instead of being a continued series of angles and 
measured lines, as in the more ela"borate surveys, IVIany 
instruments have been contrived for military sketching, each 
of which has some advantage peculiar to itself, but the prisma- 
tic compass and pocket sextant, as described in pages 110 and 
13G, appear to bo the best adapted for the kind of work. 
To these must he added a case of leather to hold the sketches, 
and an ivory protractor together with a pencil, and which are 
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fi'enernllv confaiiied in tlie skctchinrr case, to lay down tlie 
angles and the distances. 

One of the most essential things to ho acquired, is that of . 
judging distances wifli accuracy; upon this every tiling 
depends in a liasty skctcli, wlicre instrument are sparingly 
used or excluded altogether, a lew days’ practice will enable 
an Oflicer to estimate Avith tolerable accuracy, the length and 
average quickness of his ordinary pace, as also that of his 
liorsc, as on a rapid rcconnoissance he must necessarily be 
mounted, and the habit of guessing distances, Avhich can 
afterwards be A’crified, will tend to correct his eye. 

An easy mode of judging distances is by marking on a scale 
or pencil, held at some fixed distance from the eye, the appa- 
rent diameter, or height, at ditferent measured distances 
of any objects, the dimensions of which may be considered 
nearly constant, such as the average height of a man, a house 
of one or two stories. Sec., Avill furnish suitable standards. 

The degree of accuracy of which a military sketch is 
susceptible, depends upon the time that can be allowed, and 
the means that may be at hand. If a good map of the coun- 
try can be procured, the positions of several conspicuous 
points can be taken from it and laid doAvn on the required 
scale ; or a rough base may be measured, carefully paced, or 
obtained from some knoAvn distance, and angles taken AAotli a 
pocket sextant or other instrument from its extremities, to 
form a tolerably accui’atc species of triangulation, which nia}^ 
be laid down without calculation, and within this the detail 
can be sketched more rapidly, and Avith far more certainty 
than without such assistance. No directions that can possibly 
be given wdll render an Officer expert at this most necessary 
branch of his profession, as practice alone can giA'e him an 
eye capable of generalizing the minute features of the gi’ound, 
and catching their true military character, or the poAver of 
delineating them Avith ease, rapidity and correctness.”* 


* Trome on Survejnng. 





355 


The adjoining Plato represents tiie form of a Keport extracted 
from " Major Jackson’s Conrsc of Slilitary Surveying” ; and 
wliich should accompany all Route Surveys. Tliis form was 
draiivn np hy Major Hector Straith, late Professor of Fortifica- 
tion, at the Honorable Company’s ^Dlitary Seminary at 
Addiscomhe. It is the result of lus o^Yn observations when 
serving in India, and is well suited to tlic purpose. 

The limits of this -work will not admit of our pursuing this 
interesting subject any further, hut the following memoranda, 
extracted from the same work, which are nearly a transcript of 
those issued by Sir George Murray for the guidance of the 
Officers of the Quarter Master General’s Department, during 
the Peninsular IVar, avIH serve to point out the principal objects 
to which an Officer employed in the important duty of recon- 
noitring, should direct his attention. 

He must seek to acquire a good general knowledge of the 
country upon which he is to report,* regarding its natural and 
political divisions, and principal features. He will then go 
into detail, dividing tlie subject into different heads, ns:— 

L peculiar nature of each district of country, and Us 

productions. 

Particularizing what parts of it are mountainous or hilly, 
and what are level : whether the hills are steep, broken by 
rocky groundj rise by gradual and easy slopes; or, if the 
ground is undulated only in gentle swells. Wliether the con- 
nexion of the high lands is obvious and continued, or if the 
heights" appear detached from each other. In what directions 
the ridges run, and which are their steepest sides. The nature 
and extent of their vallies, and ravines — where they originate, 
in what directions they run, whether difficult of access, or to 
be easily passed. 

IVliether the country is barren or cultivated, and what is 
the kind of cultivation — whether vines, or olives, or corn ; and 
if the latter, what kinds of corn are grown, and in what parts 
it is most abundant. If a country of pasturage, whether * 
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grazed by cattle, by. sheep, or by horses, and in what num- 
bers — ^what parts of the country are open, and what are enclos- 
ed, and the description of the enclosures — ^whether small or 
extensive, formed by stone walls, ditches, hedges, or fences of 
any other kind. What parts of the country are wooded, and 
wdiether with grown timber, or coppice wood j and with what 
species of trees — what the nature of the soil. 

What is the nature of the country, in reference to the oper- 
ations of troops — ^what parts of it are favourable for the acting 
of cavahy, and what for infantry only. 

n. The rivers and minor streams, and canals. 

The sources of rivers, and the direction of their course — 
whether they are rapid or otherwise ; their breadth and depth,' 
and what variations they are subject to, at different seasons of 
the year — ^the nature of their channels and of their banks — 
whether rocky, gravelly,- sandy, or muddy — of easy or of 
difficult access : the bridges across them — ^whether of stone or 
of wood ; their breadth and length ; if accessible to artillery, 
and capable of bearing its weight. The nature of the fords, if 
always passable, or at certain times and seasons only — ^whether 
their situations change.* What rivers are navigable, and from 
and to what points, and by what description of vessels or boats. 
The ferries — their breadth, and the nature of the landhig place 
on each side ; what description of boats are used at them — ^liow 
many men, horses, or carriages, each boat is capable of con- 
veying — ^how much time the passage requires, and in what 
manner it is performed. Canals — their course, breadth arid 
depth; the nature of the traffic carried on upon them — the 
number of boats usually to be found at different places, and 
tlie nature and dimensions of the boats ; also, whether they are 
tracked by men or horses, or how otherwise navigated. Lakes 
and inlets of the sea — their situation, extent, and boimdaries ; 

* A ford should not exceed in depth 3 feet for infantry', 4 feet for cavalry, 
and 2^ feet for artillery. 
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■what description of vessels can navigate them, &.C., together 
■with such of the abov c observatioi^ as are applicable to them 
Marshes — then situation and extent — ^whether passable for 
troops m any part , and if they continue throughout tlie year, 
or exist only during the wet season 

in Population^ resources^ accommodation for troops, §*c 
The size of towns and villages, and the number of their 
inhabitants , and whether well supplied with provisions, or not 
The number of houses, as also of churches, convents, or other 
public buildings — whether the houses are large and commodi- 
ous, or spiall and mean — ^what number of troops could be 
accommodated m prrs'ate houses, and what m public buildings, 
what stabling there is, or other cover for horses — if the town 
IS walled or open, favourably situated for defence, or other- 
wise — if capable of being stiengthened, and by what means 
Similar observations m regard to detached convents, gentle- 
men’s seats, farms, and other separate buildings Plans or 
sketches of walled towns, defensible villages, or detached 
biuldings, should always accompany the reports upon them 
The number of carnages, horses, mules, or draught oxen, m 
possession of each town, village, or farm, should be stated , and 
what IS the general means of conveyance made use of in the 
country — ^what mills exist in the town or v icinity, and whether 
turned by wind or water , — the bake houses, and quantity of 
bread they can produce m a given time , w hether the place is 
unhealthy, or not , if it he, wlietlier it is in general unhealthy, 
or only so at particular seasons 
IV Roads 

* Particular information must be obtained respecting the roads, 
m the description of which it is impossible to be too minute , 
the general nature of each road, as also all the variations whicli 
occur m it, from distance to distance, should be accurately 
desenbed — ^whether the road has been regularly made, or 
appears to have been formed onlj by the use of the people of 
the countrj , whether it is fit for artiller}, or practicable for 
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ran* description of wheel-carriage: for cavalrr, or for intantrr 
onh' — over wliat description of soil it passes : whether I'ockv, 
or gi-avellj; sandy, clayey, or earthy: and to wliat injuries it 
is liable in bad weather ; whether it is easily repairable or not, 
what materials arc rccpiisite for that purpose, and whether 
they are to bo found in the noighbourliood : Avhother any bad 
parts of the rt^d, or the narrow and embarrassed streets of any 
of the towns or villages, can be avoided, by going out of tho 
road for a short distance; as, also, whether any great improve- 
ment could be made in the general direction of any part of tho 
road, by adopting a new line altogether, for a considerahlo 
distance; and what work is necessary in cither of these cases. 
Particular attention should be paid to the ascents and descents 
upon the road; whether they are gradual and cas}-, or abrupt, 
rugged, or stony, having short turns or other difficulties; whe- 
ther the road is wide enough in those parts which go along tho 
side of a hill, and whether it is even, or is canted off the level, 
so as to be unsafe for carriages. In those parts where tho road 
passes between walls, or where it forms a hollow way between 
banks of earth, rocks, or other obstacles, its breadth ought to 
be measm’ed, and it should bo remarked also whether it can 
be "widened, or the obstacles removed which confine it. Tho 
ferries, bridges, fords, &c., met with upon the road, should bo 
particularly described ; the possibility of obstructing or bi’cak- 
ing up the road, so as to prevent its being used by tlio enemy ; 
or of destroying the bridges or fords upon it, should bo stated. 
The means of effecting these objects should be pointed out; as 
also the labour and time requisite for such a work. Tho dis- 
tances of the places along the road should be given, both in the 
measures of the countr^'V and in English miles, averaged as 
accurately as possible. The time required to travel the 
different distances, (at the ordinary walk of a man, or of a 
horse)'should also be stated. ' The places to the right and left, 
near the road should be mentioned; their distances from the 
road, and at what points the communications to them strike off. 
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Whether tliere are any railroads, and what facilities they offer 
for the rapid transport of troops, artillery, provisions, &,c. 

Care must be taken tliat the names of towns, villages, rivers, 
&c, aie spelt m the same manner as by the natives of the 
country, and when the spelling and the pronunciation differ 
■V ery much, the name should also be written (m a parenthesis) 
as it is pronounced. « 

V. Camps and Positions 

All strong passes, posts, or more estensi\ e positions, which 
present themscUes either upon the line of a road, or in any 
other situation , as also all places favourable foi encamping oi 
hivouacing troops, either with a view to position, or with 
reference merely to convenience upon a march, should he par- 
ticularly described— theur situation, extent, facility of access, 
nature of soil, supply of water at all seasons, quantity and kind 
of wood, and whether in sufficient abundance for hutting the 
troops, or only for furnishing fuel A sketch of the ground upon 
a pretty large scale, should always accompany these reports * 
In all reports, officers should state distmctly what parts of 
the information they contain rest upon their own personal 
examination of the objects in question, and what upon the 
authority of others , and, m the latter case, they should men- 
tion the source of their information, m order that a judgment 
may be formed of the degree of credit to which it is entitled 
Sketches of the abo\ e character may be, and frequently are 
rendered extremely useful, Avhen time and opportunity per- 
mit nothmg better, but in India whore such aast tracts of 
country are almost totally unexplored, the Officers of the 
Engineer and Quarter Master Generals Department, are 
constantly employed in time of peace in performing Route 
Survej s which partake of a higher order, and are earned on 

• Sketches of positions should nerer be made upon a smaller scale than four 
inches to an English mile hlore general sketches may be made upon a scale 
of two inches to a mile and tracings of roads upon a scale of one inch to a 
mile 



M’itli H')oil insfninirnts, ruul in the ah^^ence of all trif^ononic- 
trical closing ]inin( -5, arc* checked liy astronomical observations 
made ^vitii a reflecting circle or sexlatib atul an artificial horizon. 

I’licsc .snrvcys form onr fir.st geographical knoAvlcdgc of all 
new co\mtries, v.diich are either annexed to, or tmdor the pro- 
tection orjifitish rid(‘. If thercrorc is of the greatest impor- 
latice that t1fey he conducted with some sort of sysfenij that 
flic materials may he coinjiiled and jjiit together in such 
a way, as to he useful in a general map. It will not do to 
commence from the peg of ^'our tent or other indefinite object: 
every route should start from a fixed, and well known per- 
manent point of departure, and close on similar objects, such 
as temples, mosques, pnekha buildings or churches. This point 
of departure should he fixed either trigonometrically or astro- 
nomical I}’, and if no such points are available at the time, they 
ought to be fixed as soon after as possible. If bits hero 
and there arc surveyed indiscriminately, without points of 
departure and closure, and without connection with themselves 
or with other people’s work, gaps here and overlapping there, 

' nothing but confusion can ensue. If in a campaign or line of 
march, the Surveyors start in the dark, and do not survey until 
the day dawns, all the ground traversed in the interim becomes 
an hiatus ; then a route may be measured with vast accuracy, 
angles repeated and the greatest refinement observed, until 
the sun gets hot, when the survey stops in the middle of the 
road, and the Surveyor gallops liome. 

In this way many maps, of recently explored tracts, have been 
constructed, partly hy guess and parti}’- by measiu’ement ; to 
practical Surveyors, this may appeal* absiu’d, hut such things, 
nevertheless, have been done. 

The staple commodity for route, or Road Surveyors, is 
the perambulator. A few words, therefore, regarding this most 
useful and necessary instrument, will not he out of place. 
In the first place, all English perambulators should be 
condemned in fotOy they are flimsy, had in princijile, and 



incapable of woiking, except on a smooth road or bonimg 
green, across country tlicy go to pieces m a mile or two 
There is nothing like the Madras pattern pnnciple of the 
endless screw and differenfaal plates The large Madras 
perambulator, (page 107,) however, has two faults, the wheel 
is not sufficiently strong, and it is graduated to furlongs and 
yards, which is imscientific. Colonel "Waugh’s 10 mile peram- 
bulator, (page 109,) with decimal scale, is a very handy and 
accurate implement, and will stand any hard usage, the 
wheel is constructed on gun-camage principles, and the tire 
of strong iron is put on hot, and chilled on tight, so that 
the structure is firm lu the extreme. The Surveyor General 
of India has also invented an mstrument running 20 miles on 
the same prmciple and graduated decimally, w hich is much ap- 
proved of, the errors of perambulators should always first be 
tested by running them along one or two sides of a large triangle 
of the Trigonometrical Survey and comparing the values 
We have already described (page 251) the usual me- 
thod of surveying a road, commonly called traversing, 
the same system precisely prevails for the illustration 
of the details on any Ime of country through which 
it may bo reqmred to carry a road, canal, or the hke, and of 
which the general hne, or the difference of latitude and longi- 
tude of various points is sought, care being taken to adopt as 
many checks as possible during the progress of the survey to 
prevent errors, viz, by different parties running independent 
routes and closmg on each other’s work every day, or by 
reverse operations, and by intersections at every convenient 
station, for the several bearings on the same object should, m 
the plotting, meet at a common point of intersection These, 
and astronomical obsen ations, arc the only means by w hich a 
route survey can be checked The method of plotting a 
survey or that of protraction by co-ordinates, has already 
been slioiMi (page 287,) and tho manner of adapting this for 
routes, cannot ho better evplamcd, than by transcribing an 
excellent example from Captam Boileau’s Traverse Tables. 


Traversijs of a Part of the Road between IIatras and Bareilly. Surveyed March, 183C, by Captain J. T. Boileau, Bengal Engineer; 


362 


i 

Rcmarlcs. 

••CD ^ "" 

-.2^ . h,: 

« 3 r" S 2 . 3 

•''aSH-Jotet-Irt,*. wtr 

•=Stc Hg5'§2m3 

H H H Q 

Traverses of each Station 
reduced to lirst Stations'. 

1‘AV-wa: 

1 1 s 

Departure. 

CC 

ffj 

Id3ljlOOoA<l>.cbjP-«U'5fLiOi-lC5!r5lj5C3 0>St- 
. Ol OJ O l.-; C3 O 0J> W ri o rji CM UO 13 OT t~- O CD O 
.C0l3r-ieDtMC101-3<OTjl(Mt~O<M00 00 C513C0 '^l3 

■ 



o 




Latitude. 

Links. 

^t^OC'JOOJ'^Ci^OOCpCpC^C^O^^CpOCp 

"OOOOCi»^1^0C^C)OOOrJ*r^rt«^C?^Tj<0<i) 

.OC5O’^^OOO»-H0)i-^l>.C5C'}C^^05CQC0r!<tdO 

,COOCOr-fC5COO^COOf-CGOrH^OCDO*^C3COOO 

<p 

o 

O 

m 




l« 




Traverses of each Distance. 

S-* 

•4.9 

C3 

o 

I 


•rH ^ 

• "ira *o •••••••••••••••*• 

<p 

O 

1 


rH 

^ 1 


* 

East. 

Links. 

<3DO *0 IrHOaDOO»^OX.'t>T^j6^0f^«««AtO 

O5o lo tot^^ii^ocoot^coc^ot^lftcoc^c^oo 

C5f-< ,rH *00»-'OCOOO'^t>*t>.«OOr-iOldC'lCO 

<b 

CO 

P=( 1 



^ i 



Latitude. 

d 

o 

02 

Linlts. 


• 

• 

1 


: 



: 

North. 

Links. 


8-6IG 


^••••«*« • 1— « • CO 1— t (M 

r*< 



CO 

g'd 

w rj 

S S 


CC 

d 

i3 

OC^O-rt^ • O Id I-I C5 r-j CO 00 t>. I~< W Id to O CO • 

ldQOO»-« •COdJC5rJ<0^t^i-J?-»0}C5COO?000 • 
COCOTjiCO *0 l>0 £>0 CO «>• O O Cd OO lo • 

; 

.2 V 


f— 1 • • • *1— • "CD *05 -COrHOr-i^ 

• 




'OJIlOpOOIIJ, 

iCq.StiT.njaa; auJX 

■s- 

O -CiOO • “O *00000 "O • • “O •idl • I 

o • -r? 1-^ CO • ‘CO -Odlr-^COCO ‘CO • • • 1 • 1 

1 

1_L 


• 

Names of Places. 

IlATRAS o of Bazar . . 
Ditto E. Gateway . . . . 

Kure lea nugra . . . . 
Jenna nugra 

Kundharee-kee Gurhee 

Jogeepoor 

Sokna begins 

Ditto ends 

Rutunguiiieo 

Ditto 

Ujeotpoor 

Duriapoor 

Total 

•nouujs 1 

B^aig^HlalilWfrT^ ff’>r>-41iLiaA<Jate^— ■ 






































3G3 


“ The annexed Table contains an extract from a siirvoy,,by 
myself, of the road betweoi Hateas and Bakeilly, in the 
N. W, Provinces of the Bengal Presidency, made in the year 
1836, and ■will serve to illustrate tlic application of the Tables 
(Note page 289) to this kind of -work. Tlie first column refers 
to the numbers of the stations ; the second, the names of the 
villages or, towns immediately contiguous to the lines, or 
tlurough which they may pass, and prevents the necessity 
of frequent reference to the Field-book ; in the third column 
arc entered the true bearings as registered on the limb of the 
theodolite, i. e., the observed magnetic bearings, corrected for 
the variation of the compass ; columns four to the end are, in all 
respects, similar to those in the Table (page 301) and are filled 
lip as directed for them. 

" The differences of latitude and the departures in tlie column 
of remarks entered against tho last Station in each series, are 
computed from Table (C) in the Appendix, and servo to 
determine the relative geographical position of those Stations 
with reference to tho first, or to any other Station in the series. 
Tho positions of places in maps are determined by similar 
enti’ies, and are set ofi" by scales of minutes and seconds from 
meridians upon parallels of latitude, in tlic same manner as tho 
Stations in the adjoining diagram were by scale of miles and 
parts. Thus, if it were required to lay down tho position of 
Duriapoor in a map of Indi.a, the latitude and longitude of 
Ilatras, the first Station in the survey being known, it would 
be done in the following manner : 

Hatbas, ... Lat. N. 27® 3G' 00" Long. E. 78“ 04' 00" 
Duriapoor, ... dilT. Lat. N. 02 49*4 difT. Long. E. 04 01 08 

Duriapoor, ... (rue Lat N. 27 38 49*4 true Long. E. 78® 08 01*08 


“ With the true latitude and longitude so found, the position 
of the •village would be fixed by the intersection of co-ordinates 
from the nearest meridian and jxirallel of latitude on the 
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map, and tlic' ))OHitinn of any oilier ])oint or jilacc in tlie 
Hiirvcy would be laid down in a siinilar manner.” 

For ibo purpose ol' finding 1 

the etjuiv.'dcnl values oflatiludc ,v 

.and lontiilude in ro-o, ?' <*., in / 

deoreoK, minules and seconds. , 

O ' I / 

from the tabular traverses ox- . / 

pressed in units of linear ine.a- 

sure, d’able (C) in tlic Appendix . 

is pven, and the following re- 

inarlcs, to exomjdify the jiroccss i' 

in pcvfonuing this reduction, 

and the, principles on wliich C>" - j 

such reductions depend, are 

likewise borrowed from the i\^ 

same author. 

\ 

In the explanation of the ' “ ■ 

adaptation of Traverse Tables to . 

surveying, the surface of the 
eartli within the limits of each ^ 

set of operations, has boon con- 
sidered as a plane, and the j 

meridians as parallel straight / 

lines; the relative loimths of / 

the distance, ditfercncc of lati- / 

tude, and departure, have been / 

stated, not only to be accurately / 

expressed by the three sides of 
a right-angled plane triangle, | 

but to be truly projected by the construction of that 
triangle upon the map; both of these statements are, con- 
formably with the hypothesis, sti'ictly true, and boundary sur- 
veys, or indeed maps of small extent, may be projected with suffi- 
cient accuracy for all practical purposes by the rules given in 
the text In route siu’veys, also, where the general line lies 
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near to a meridian or parallel of latitude^ the results so obtain- 
ed approximate very nearly to the truth ; but where a con- 
siderable extent of country has to be mapped, or wliero the 
general line of a survey traversing the meridians at an oblique 
angle has to be represented, we are compelled to abandon our 
hypothesis, — ^thc convergence of the meridians being sensible 
in extensive maps on any part of the earth’s surface, but in a 
much greater degree in the higher latitudes than near to tlie 
equator : therefore, while we may still consider each individual 
Station to he correctly projected by the intersection of co-ordi- 
nates from the nearest meridian and parallel of latitude on a 
map, if we only take the necessary precaution in the field of 
correcting our bearings, whether true or magnetic, by observa- 
tion, as often as the inclination of the meridians becomes 
sufficient to require it to be done, — still, a correction will bo 
necessary to convert the departure between any two distant 
Stations, as obtained by the Traverse Tables, into the equivalent 
difference of longitude in arc between the same places. A 
similar correction would be necessary in the Tabular differences 
of latitude, but that the variation in the length of those degrees 
of latitude lying near to each other is so small as to be in- 
capable of representation, excepting in maps of very large 
scale, and extending over great portions of the earth’s 
surface. * ' 

“ To obtain the difference of latitude and the departure for 
any be.'iringand distance, with perfect accuracy, by tlieTraverso 
ToKlcfi .if Ss fisscnJdsJ Jduf ibp- jOArdld hs* an rddigjw? 

rhomb line ; i. e., a portion of a spiral cutting all the meridians 
over which it passes at tlxe same angle ; but where the lines are 
so short, as in a survey is generally the case, the difference be- 
tween the lengths of a straight lino, a circular arc, or a rhomb 
line, drawn between any two Stations, is inappreciable, and we 
may therefore consider our Station lines as so many rhomb 
lines ; and, consequently, the difference of latitude and the 
departures between any two distant places, as deduced from the 
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intermediate lines in a survey, to be tlie same as if it bad been 
obtained from a rhomb distance measured between those places. 

The departure and difference of longitude have, in the rules 
given for aj^plying the Traverse Tables, been considered as iden- 
tical j and this also, conforjuably with the hypothesis above- 
mentioned, is strictly the case. The meridians are not, however, 
really parallel, though within short distances they may be so 
considered in practice, but converge towards the poles (Note 
page 273); and the degrees of longitude, instead of being equal, 
as they are assumed to be in the theory of the parallelism of the 
meridians, decrease in the same direction; therefore the departure 
and difference of longitude cannot any longer be considered as 
identical; for an equal amount of departm’e, z. e., the same 
number of linear units, will measm’e different arcs of longitude 
according to the distance from the equator at which the de- 
partiue may be reckoned. Thus, at the equator, a departm’e 
equal to 6086 feet, measures one minute of longitude, whereas 
at 89° it measures nearly a degree, and proportionally at all 
intermediate stages. In measuring an oblique distance, there- 
fore, it is evident that, supposing the distance to be divided 
into a number of infinitely small parts or increments, the amount 
of departure due to each increment ought to be reckoned in arc 
of longitude at its own distance from the equator, and that the 
departm’e for the whole distance, when converted into longitude, 
will equal the sums of all the elementary arcs of longitude of 
each increment in the distance. On moving from the equator 
towards the poles, these elementary ai’cs will be continually 
decreasing, and the contrary in travelling from the poles 
towards the equator ; but there will be a certam point between 
the two extremities of each distance, or a certam mean parallel 
of latitude^ upon which, if the whole departure be reckoned, it 
will express the true difference of longitude between the two 
extremities of that distance. This mean parallel is alwaj'^s 
liigher than the middle parallel between those extremes, but in 
the construction of maps, where the measured distances are 
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short, and tlie intervals between which the reduction of depar- 
ture into longitude takes place are small, it will give results 
sufficiently near to the truth if we reckon the departure upon the 
middle parallel between the two extreme points of any distance. 

“ If the figure of the earth were truly spherical, all degrees of 
latitude would be equal, while the degrees of longitude would 
decrease in the direct ratio of the cosine of the distance from 
the equator ; but, owing to the spheroidal figure of the earth, 
the degrees of latitude are not equal, but increase from the 
equator to the poles, the degrees of longitude decreasing in 
that direction in a ratio slightly different from that mentioned 
above. The greatest difference between any two successive 
degrees of latitude, which occurs about 45° from the equator, 
is 63 feet, or 1*05 feet iu one minute, being rather less than II 
inches in one mile- This difference decreases both towards 
the equator and poles, and is too small to require the attention 
of the practical man, unless when Iiis operations extend over a 
surface of many degrees : but in longitude the diffcronco in- 
creases from 56 feet between the equatorial and first degrees, 
to 6393 feet at the poles; and, therefore, though not very sen- 
sible at first, it soon becomes so, oven through the minutes and 
seconds of each degree. 

I shall now show the use and application of Table (C) in 
the reduction of traverses, taking as examples the reductions 
entered in tlie column of remarks in the Table at page 3G2. 

“Example. Required the difference of latitude and of 
hn^ttzde at arc hetrrcGQ JSstez? snd EarispooTi sud the tree 
latitude and longitude of the latter place, the Tabular traverses 
being N. 3 M. 1 Fur. 919*8 Lks., and 4 BI. 0 Fur. 863*6 Lks. 
E. ; the latitude of Hatras being N. 27° 36', and its longitude 
78°04'E. - 

“ Reduce the Tabular traverses to feet : divide the Tabular 
difference of latitude so reduced by the value of one minute or 
second of latitude in a lino with the number corresponding 
nearest to the latitude of the starting point, in the column 
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designated “ distance from the equator and the quotient will 
be the difference of latitude required in arc.. Add to, or 
subtract this difference from the latitude of the starting point, 
according as it may be of the same or of a different denomina- 
tion, and it will give the true latitude of the place required. 
Take the middle latitude between the starting point and that 
for wliich the difference of longitude is required, and. correct 
the value of one minute or'second in the Table, for the number 
in the column designated distance from equator,” corres- 
ponding nearest to that of the middle latitude. Divide the 
Tabular difference of longitude reduced to feet by the corrected 
value of one minute or second, and the quotient will give the 
difference of longitude in arc required ; which being added to, 
or subtracted fr’om, the longitude (from Greenwich) of the 
starting pomt as above, will give the true longitude of the 
place required. 


Feet. 

Three miles 5840 

One furlong = 660 

919 links (Table D) .= 606'54 
*8 ditto, (ditto) == ’528 

Reduced diff. lat. . N. 17107‘068 


Feet. 

Four miles = 21120 

863 links (Table D) .= 569-58 
•6 ditto, (ditto) = -396 

Reduced diff. long. . 21689-976 E. 


Lat. of Hatras N. 27° 36'; value of 1' of lat for 28°, in 
Table 0 = 6059T and 17107*068 6059*1 gives 02*8233', 

or N. 02' 49*40", nearly, for the diff. of latitude in are, which 
added to the latitude of the startmg point (being of the same 
denomination) gives N. 27° 36' + IST. 02' 49*40", or N. 27° 38' 
49*40" for the true latitude of Dm’iapoor. 

Again, for the difference of longitude in arc .* 

Latitude of Hatras IST. 27° 36' 

Half diff. of lat. of Duriapoor N. 01-41167 

Middle latitude N. 27° 37-41167 

Value of 1' of longitude for 27°, Table C 5426-2 

Ditto 28°, ditto . 5377-3 


Difference for 1° 


48-9 
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Now P, or 60' : — 48-9 feet :: 37*41167': — 30*49, and 
5426*2 — 30*49 = 5395*71 feet, value 1' of longitude to 
middle latitude : tlien, using this number as a divisor, we shall 
have the tabular difference of longitude reduced to feet 
21689*976 ^ 5395*71 = 4*018', or 04' 01*08" E., the differ- 
ence of longitude in arc^ which added (as above) to the longi- 
tude (east of Greenwich) of Hatras (78° 04') gives 78° 08' 
01*08" E. for the true longitude of Duriapoor” 

The latitude should be found by celestial observation at 
least once in twenty-four hours, and if the meridian altitude of 
the sun be within range of the instrument it should not be 
neglected, but the true observation to trust to, is the latitude 
by night from Stars North and South, which in a fine climate 
can nearly always be obtained, and the difficulty of measuring 
the altitude in low latitudes, when the double angle is largelr 
than a sextant can measure, avoided. A sextant of five or 
eight inches radius and artificial horizon, are the only safe 
instruments, but these, of course, arc useless for the meridional 
altitudes of the sun in low latitudes. 

The determination of the longitude of a place req^uiros more 
knowledge than is requisite to find its latitude. No pains 
should bo spared, nor any time be considered misspent in 
endeavouring to fix accurately the chief points in a coimtry 
by independent observations for longitude. The only trust- 
worthy method for a locomotive observer is by occultations. 
One good observation of an occultation is worth fifty obser- 
vations depending on the moon’s motion ; lunar distances 
arc not to be relied on within 20 miles. Moon culmina- 
ting stars, 'which is a favorite method, requires a long 
series of observations, and the fixing the transit instru- 
ment takes several days, and the method depending on the 
moon’s motion, the, error is magnified twenty-eight times in the 
result. Eclipses of Jupiter’s Satellites are imsatisfactory on 
accoimt of the Penumbra. Unfortunately occultations occur 
very seldom and give a great deal of trouble, but the observa- 

2 z 
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lion wlien made is very valuable and ought to be good vdtliin 
2,000 or 3^000 feet at the outside, so that a couple of occulta- 
tions is suhlcicnt for a good approximation. It is also advisable 
that corresj)onding observations at an observatory, should, if 
possible, be made. Chronometers arc not to be ti'usted, for long 
' circuitous joinmej’S, especially in a meridional direction. 

The above methods -which are fully treated of in Part V, 
•will enable tlic observer to fix the longitude of a place ahso- 
hiiehj, that is to say, independently of the transport of time by 
a watch or chronometer, but for short distances this instini- 
ment will be ])erfectly serviceable, and connect one place with 
another, so that all 'may be relatively right in a map of the 
countrj'-, though absolutely wrong ; and when at any subse- 
quent ojjportnnity the longitude of any one point may be 
correctly determined, all will move together in its right 
place. 

“ With regard to the management of a clironometer, the 
gi’eat point is to find its error^ at any place, the longitude of 
which is knovm, and its rate -whenever an opportunity is 
afforded, by stopping two or three days in any place, and 
to make allowance for any alteration in rate over the whole 
route travelled since its rate was last determined. 

" The mode of finding the longitude before described, by 
keeping an exact itinerary of the courses by the compass 
and the distance travelled, corrected for valuation, and checked 
by observations for latitude, is the simplest, and will give 
a very fair approximation, and this method should never 
be neglected, as it will serve as a useful check to astronomical 
observations. 

By these means a careful and industrious traveller can 
hardly fail of obtaining abundant materials for the correct 
laymg down of his route, -and should he traverse the country 
in different directions, he will thus have a number of lines 
crossing each other forming a route map, fi’om which for 
want of a regular survey, a very fair idea of the country may 
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be gleaned, particularly when such map is accompanied by 
a detailed description. Anotiier essential object to which 
we would call the traveller's attention is, never to go to sleep 
until he has mapped his day’s route, and written up his journal 
from the notes of the day.*^ 

To shew the accuracy with which this description of survey 
may be carried out, we subjoin an account of the Ray Trace 
System as pursued in the Great Trigonometrical Survey and 
detailed in the following Chapter. 

* “ 'What to obaerre, or the Trarctler’s Remembrancer.” By J. R Jackson. 



CIUrTER XV. 


0^• THi: Kay Tkace System of the Geeat Teigoxo- 

METEICAE Sl'EVEY. 

AxaloGOUS to tl;e route siirvov. is the R;iv Tiiicing Sv-srem 
introdueovl oy Lieutenant Colonel Everest, the late Sarreyor 
General of India, jind uesorxbevi vpage IP) in lus account of 
the inoasTirentent of tvo sections of the meridionad arc of 
Invtia," puhlisliovl in 1S47. Tiiis is most useihl. vrliere it is 
necessary to knovr tlte exact line herveen rvo places for road 
mokmg. or the proper direction in viiich to lay the telescope 
for ohsorv'ing the Blue Light Signals, vrhich are bnniedhy sets 
of foiu*. at ten nunntes in:er^■al between each lighting, and 
which are scarcely in a. single instance, during the whole of 
the oi>er:ttiou5 of the Great Triconotnetricai Surrev visible 

A. s.. « 

to the naked eye. TTithont calculating tliis direction before- 
haitd; it would be impossible to s:ty, in the side of a triangle, 
perhaps 10 to Id luilos. how the luy would and wMch 
identierd trees would rc-auiro to be felled. For this purpose a 
minor series of triaixgles. or a simple route, is carried on along 
the ra.v, coiumeneinii i'roni the station of the eve and. termi- 
iiatiug at that of the object, wherein by assuming the most 
commedious of the first two sides as unity, and as the line of 
direct co-ordinates, it is easy to compute net only the angle 
which the luy makes wtth tins hue. bur also the ratio, which, 
thev bear to each other. 

The foUowincr directions, computation and example of a ray 
tra.ee, hare been drawn up in eonfomiity uith these principles. 
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and are preciselj those at present employed in the Great 
Trigonometrical Survey of India ^lost of the rays for the 
principal triangles ha\e been norked out in tins manner, 
whence the method, whetlier executed by minor triangulation, 
or perambulator measurement, has derived the name of Eay 
Tracmg,” and affords ample opportunities for filling in topogra- 
phical details, and fixing the secondary points, within large 
triangles 

Every Route Survey, conducted on the principles of the 
Ray Trace, should, if possible, ongmate in a point previously 
detenmned by a Tngonometncal Survey, when a fixed pomt 
of tins kind is not available, tlie ongm of the route should 
be placed on some permanent object, such as a mosque, a 
temple, a church or a pucka budding, &c , the position of 
which can bo readily ascertamed whenever recjuired, by a 
trigonometrical operation 

In n. Route Survey, the measurements required consist 
of two parts, viz , linear and angular The measurements 
of the former kmd are usually made with a perambulator, 
and those of the latter are invanably executed with a theodo- 
lite, the angular measurements are much less liable to error 
than the Imear measurements, whence the corrections arisinr^ 
from all and e\ cry discrepancy exlubited by a Route Survey, 
arc exclusively applied to the measured distances, theicby 
leaaing unaltered the obsened angles which arc considered 
-errorless, on this assumption is based the common method 
for computing and reducing a i?oate Sun cy 

After the origin of the survey has been determined upon, 
the Surveyor proceeds forward and selects stations in the 
route , the conditions to be attended to in this operation are, 
1st, the reciprocal aasibihty of the adjacent stations, and 2ml, 
the ehgibihty of the intermediate ground for a pcrambulatoi 
measurement 

In closing the operation, it must tenmnato also on a point 
which has been either determined tngonoinctULull), oi winch 
IS capable of being so determined in fntuu 



WImmi t!ic (H’igtn :uk1 tt'rnn'iuis »>{’ ;i Koufe Survey are fixed 
points, any error connnitfed in the execution of tlie ivorlc, is 
susreplilde of ea\v oliniinntion ns nftenvards appear. 

After the Stations are splectod, tlie next tiling is flic mea- 
surement of the distances and angles. For this purpose, a 
rcadino of the peramhulator at the oj-igin is taken, and tlien it 
is rolle<l forward in a .straight line to Ol, where a second read- 
ing is taken ; hero likewise the theodolite is adjusted, and the 
angle between the origin and 02 observed; this observation 
should be repeated on both faces of the instrument: thcadvan- 
ta<ms attending the taking of this double observation arc these: 
In the fir.'^t place the record is checked, and secondly, ain-eiTor 
induced in the individual observations by the unadjusted Une 
of collimafion, or the dislcvclled transit axis, disappears in the 
mean value thereof. 

After Ol is disposed of, the Surveyor proceeds to 02, where 
lie takes observations similar to those made at Ol ; the 
remaining stations of the route being treated in like manner, 
he will at last arrive at the terminus, where having no angle to 
observe, he will only note down the reading of the perambula- 
tor ; after the completion of the field 
measiu’ement, the computation of the 
route is made, tlie principles and metliod 
of executing ivliich may be explained in 
the following manner : 

On reference to tlie diagi’am in the 
margin, it will be perceived that if the 
first line (origin to 0 1) be extended so 
as to meet the perpendicular drawn 
thereto from the terminus, the lengths of 
these two lines being known, all the 
other elements of the route are ascertain- 
ed hy a very easy computation. 

For instance, callmg y the perpendicu- 
lar above mentioned, and x the line 
drawn from the origin to meet it. 
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^ = tan e, 0 being the angle at the origin between 0 1 and 

X 

the terminus. 

Again, the whole distance from the origin to the terminus of 
the route is eq^uivalent to p = x, sec 0. 

The use of these elements for correcting the measured dis- 
tances of the route, and for laying off the direct line from the 
origin to the terminus, will be shown presently. 

In the computation of a Ray Trace Survey, it should be pre- 
mised that X is taken as the axis of the direct, and y that of 
the perpendicular co-ordinates. 

Besides x and y, there are other symbols required to desig- 
nate the measured distances and angles, and the characters 
usually made use of for Uiis purpose are as follows: 

Distance Origin to 0 1 *= o 

Ditto 01 to 02 ~ a 

Ditto G2 to 03 5 

Ditto 03 to ©4 = e 


Again, 

Mean observed angle at 01 *=• 01 

„ „ Ditto at 02 =» 02 

“ „ „ Ditto at 03 = 03 


These observed angles arc deduced by subtracting the read- 
ing of the rear station from that of the forward point, and con- 
segucntly they may be of any value whatever from 0’ to 360’. 

From the observed angles deduced as directed above, let the 
following arcs called angles for computation be computed. 

A = 01 

B = A + 02 — 77 
C =- B + 03 — 77 
D = O -t- 04—77 

That is to say, the angle for computation at any station is 
equivalent to the observed angle, augmented liy the last angle 




for coinpiilatioi), nnd diminislicd by 180’;*“ tlic angles for com- 
putation as deduced above arc those at •which the lines a, h, c, 

arc inclined to the first line n, or to the parallels thereof. 

After the deduction of the angles for computation^ it is neces- 
sary to calculate tlic following terms: 

y a. cos A ?/ — a. sin A 
x" COS B y" — h. sill B 

c. cos C y"' ~ c. sin 0 

x", x"' arc called direct co-ordinates, they being 

the projections of ajh,c, on tbc axis .r; similarly y', 

y'" being the projections of the same lines on the axis 

y, arc called perpendicular co-ordinates ; the signs of these co- 
ordinates depend upon the magnitude of the angles from which 
they arc respectively derived, and these signs will be readily 
found by a reference to the following Table ; 

Table exhihiiing the Signs of the direct and 
Pcrpendictdar Co-ordinates. 


MngTiitiidc of 
the nng-lcs for 
computation. 

Signs of the Co-ordinates. 

Direct. 

Perpendicular. 

Quadrants. 

1st. 



2nd. 


— 

Srd. ' 
dtli. 


1 : 


After affixing proper signs to the direct and perpendicular 
co-ordinates, collect the former into one sum and the latter 
into another ; the former of these siuns augmented by the first 
distance (a), is the mmierical value of .r, while the latter sum 
is the numerical value of y. 

After the values of x and y are determined, 0 and p may be 
deduced by the following formulae. 

Tan 0 = — ; p = x. sec 0. 

Now Z- 6 is of the same sign with y, and may ' be either 
positive or negative. In the former case, the terminus is to 
the right and in the latter to the left of © 1 ; knomng the value of 
* The established symbol for a semicircle or ISO® is tt. 
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0,as likewise its position witli respect to © 1 ,it is easy to trace the 
direct line of the route. For this purpose, put up the theodolite at 
the origin and take a reading to Gl. To this reading apply, 
according to its sign, the Z. 0; the resulting reading or the 
telescope set thereto, will point to the terminus of the surrey. 

Again, if it be required to trace the route from the terminus, 
it may be done thus : According 0 is positive or negative 
add it to, or subtract it from, v. From the sum or dif- 
ference so obtained, (augmented when less than the sub- 
tracter by 2jr) deduct the last angle for computation, the 
remainder will he the at the terminus between the origin 
and the last station of the route. The /_B' may be of any 
value from 0° to 360® j it is likewise always positive. Adjust 
the theodolite over the terminus, and take a reading to the 
last Station ; to this reading add the /_B ’ : the resulting reading 
will be the required direction of the origin from the terminus. 

It is evident that p, determined as directed above, is in terms 
of the perambulator, calling R the value of the same distance 
as derived from a trigonometrical operation, it follows that 
p to R. Is the error of the Route Survey. 

Without making any assumption as to the cause of this 
error, it is evident that this discrepancy must be expunged, 
before the details furnished by a Route Survey can incorporate 
with those of a trigonometrical operation. 

Tlie simplest and perhaps the only method of performing 
this, is by the following rule of proportion. 

As tlie direct perambulator distance of the route (p) 

: The trigonometrical value thereof (R) 

1 1 Each measured perambulator distance 
: Its corresponding trigonometrical length. 

Correcting by this proportion all the perambulator distances, 
as well as all the co-ordinates deduced therefrom, tlie resulting 
elements will obviously be in terms of the unit of the Trigono- 
metrical Sur\'ey. 

The following is an example of the field notes and computa- 
tion deduced therefrom. 
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TYPE OF CALCULATION OF RAY DONAO lU* 

KAINKERA. 


Distances. 


OnsKUTED Axgees. 

oil! 


Donao to 0l = l-07o = rt 
©1 to 02 = 3*212 = a 

02 to ©3 1*181 = b 

03 to ©4 1«G06 = t* 

©4 to ©5 = 1*767 == d 
©o to ©6 — 0*895 = c 
©6 to ©7 = 0*707 =/ 

©7 toKainkcm — 1*122 == ^ 


At ©1 = 178 13 40 

02 = 178 27 23 

03 = 170 58 49 

04 = 185 26 43 

05 = 215 54 0 

06 = 184 0 5 

07 = 155 22 13 


Hence the Angles for Computation are — 


O / // 


A = 178 13 40 


O f If 

o 

r 

If 

B = (178 13 40 + 178 27 23 

_ tt) = 176 41 

3 

C = (176 41 3 4- 170 58 49 

— :r) = 167 

39 

52 

D = (167 39 52 -{- 185 26 43 

— ^) = 173 

6 

35 

E = (173 6 35 + 215 54 0 

— tt) = 209 

0 

35 

F = (209 0 35 + 184 0 5 

— tt) = 213 

0 

40 

G = (213 0 40 4- 155 22 13 

— tt) = 188 

22 

53 

A = 178 13 40 Cos. 9*99979 

Sin. 8*49033 



a = 3*212 Log. 0*50678 

Log. 0*50678 



0*50657 ... 4- 3*210 

2*99711 

• • • 

— 0*099 

B = 176 41 3 Cos. 9 9992/ 

Sin. 8*76223 



6=1*181 Log. 0*07225 

Log. 0*07225 



0*07152 ... 4- 1*179 

2*83448 

• • • 

T- 0*068 

C = 1G7 39 52 Cos. 9*98986 

Sin. 9*32968 



c = 1*606 Log. 0*20575 

Log. 0*20575 



0*19561 ... 4- 1*569 

7*53543 


— 0*343 

D = 173 6 35 Cos. 9 99685 

Sin, 9*07907 



<f = 1*767 Log. 0*24724 

Log. 0*24724 



0*24409 ... 4- 1*754 

7*32631 

«•« • 

— 0*212 

E = 209 0 35 Cos. 9*94178 

Sin. 9*68570 



e = 0*895 Log. 7*95182 

Log. 7 9.^182 



7*89360 ... 4- 0*783 

7*63752 

... 4- 0*434 
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0 40 Cos. 9 92354 Sio. 9*73624 

/= 0 707 Lo g, r-8494 2 Lo g 1 84942 

1*77296 ... 4. 0 593 I 58566 ... + 0 385 

G = 188 22 53 Cos 9 99334 Sin. 9 16364 


1*122 L og 0 04999 Log 0 04999 

0 04533 ... + 1 no 7*21363 ... + 0*164 

a = ... + 1*075 

Sum of Direct Co*ordi» Sum of Perpendr. 

nates x = ^-ll^TS Co>ordmatc3 y = + 0*261 


Sum of Direct Co-ordinates x s u 273 Log. 1 05204 
A. C. 6 94796 

Sum of Perpr. Co-ordinates y *= 0261 Log. 141664 

0 = +lM9'35'' Tan. 8 36460 Cos. 9*99988 

See. 0 00012 

Sum of Direct Co-ordinates x— 11*273 Log. 1 05204 

Distance bj Perambulator measurement ....... ........ Log 105216 

Ditto Tnangulation .... Leg 1 04716 

Constant Log. of Correction Log. 7 99500 

This constant logarithm added to the logarithms of the pe- 
rambulator distances will famish the logarithms of the same 
distances in terms of the unit of the Trigonometrical Survey. 

O' Computed. 

TT ri- 0 = 181 19 35 

Which being less than subtracter is augmented 1 
by 2 X, and becomes, J ^ 

Deduct G or last ^ for compuladon, z: 188 22 53 

, Hence, ... O' — 352 56 42 

Tlie following is the method of computing a Bay Trace 
Survey without the aid of the trigonometrical distance, wliere- 
with it is connected. 

The method just explained for the computation of a route 
survey, requires a previous knowledge of the distance of S 



to S' ; but it soinotinu?s lui])pons in practice that tliis infor- 
mation is not forthcoining anri cannot be ascertained Avitli- 
ont a tedious computation, in udiicb case, tlic following method 
of deduction sliould 1)0 adopted, which dctennincs the tnie 
positions of tlio Kouto Survov points, without reference to the 
direct distance between the tu-o trigonometrical Stations, 
wherewith they arc connected. 

In the diagram (page 374) S and S* are two trigonometrical 
Stations, and 0 1 02 o3 are points of a Houte Survey, which 
originates in S and terminates at S'. 

The elements supposed to he given .are the latitude .and 
lonsitudc of S and also the azimuth of 0 1 from S. 

With the perambulator distance S to 01 and the elements 
aboA-e given, deduce the latitude and longitude of 0], as .also 
the back azimuth of S ; Avith the back azimuth of S and the 
observed angle at 01, compute the forward azimuth of 02 
from 0 1 5 Avith this azimuth again, and the given por.ambula- 
lator distance 01 to 02, deduce the latitude and lonmtude 
of 0 2 ; by a similar process, the latitudes and longitudes of 
the other points of the Route SurA’cy, aslikoAvise of trigonome- 
trical Station S' m.a}* be dcriAxd. 

When the computation arrives at S', the deduced latitude 
and longitude of this Station Avill probably differ from their 
respective trigonometrical A’alues ; the discrepancies thus 
displayed present, under an accumidated form, the Avhole 
error of the surve}’. To eliminate this eiTor: add all the 
pcrambiAlator distances together, and take the logarithm of 
the sum ; to tlic arithmetical complement of this logarithm, 
add the log. of the error in latitude, the sum Avill be a constant 
log. ; to this const.ant log., add separately and in the order in 
Avhich they stand, the logs, of the several per.amb\ilator dis- 
tances of the survey, and find the natural numbers correspond- 
ino- to those sums : noAv the correction for the first Route Survey 
point is the first natural number ; the correction for the second 
point is the sum of the first and second natur.al numbers ; simi- 
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larly the correction for tlie thi^ Route Survey point is the sum 
of the first three natural number j and in the same manner, 
the correction for the other points, and also that for trigonome- 
trical Station S* may be deduced. 

It is evident, that the deduced correction for S* ought to 
be identical ■with the whole error exhibited by the survey, 
and when this takes place, tlie computation of the corrections 
may be assumed as having been correctly performed; in this 
computation the logs, used should be carried to five decimals, 
and the natural numbers deduced should be limited to a tenth 
of a second. 

The error in longitude may be corrected in the same "way 
as that in latitude j this mode of dispersing the error of a Route 
Survey is likewise applicable when the positions of S and S’ 
have been fixed by astronomical observation. 

The method of carrying out the Ray Trace System by 
minor triangulation will be treated of in a subsequent Chapter. 



CHAPTER XVI. 


On Teigonometkical Surveying, and the mode of 
Operations to be pursued in Hidly Countries. 

In the system of survey wliicli has been described in the 
last few chapters, shewing the style of a Revenue Survey, 
which embraces all villages situated in a champaign or well- 
cultivated country, the relative positions of the several Stations 
are ascertained by direct linear-measurement^ but in a less 
favored, or mountainous and densely-wooded country, where, 
on account of the inequalities of surface, the measurements 
are liable to more than ordinary errors, and to connect 
the measurement of one village with another, with any degree 
of expedition, is almost rendered impossible, it is necessary, in 
order to prevent accumulation of errors, that the detailed mea- 
sm’ements be based on an accurate system of triangulation. 

To pursue a Topographical Survey of coimtries of the above 
description, which latterly have been met with to a consider- 
able extent in the course of the Revenue Operations in India, 
a Trigonometrical Basis becomes essential, we therefore pro- 
pose to enter into such details for the prosecution of a Trigo- 
nometrical Survey, founded on the principles and system as 
now actually in use, as will enable the Surveyor to prepare 
himself for every emergency, for all surveys executed without 
due regard to this precaution, however carefiilly the details 
may be performed, partake of the character of detached opera- 
tions, which are incapable of union inter se, or of harmonious 
combination with other surveys. 
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All Trigonometrical Operations emanate 

cither from some actually measured line. 
Base Line. _ _ « . t .. 

called a Base Line, or from a side of some 

other Trigonometrical Survey, th? length of 
which is known by calculation. As a general rule, for all 
surveys of a secondary order, the measurement of a base 
should never bo attempted, if by any possibility the side of 
a triangle of the Great Trigonometrical Survey, can he ob- 
tained, and it will he found preferable to go a little out of 
the way to secure this, and to perform a little extra triangula- 
tion, in consequence, than to spend time on so difficult and 
tedious a task, as the measurement of a base, with rude and 
imperfect instruments, the results of which will never equal 
the yaluo of a computed side, deduced with the scrupulous 
care and nicety of an important Trigonometrical Survey. 

'Hio measurement of a Base Line, from which the sides of 
the triangles of an extensive series are to be calculated, such as 
for tho measurement of an arc of tho meridian, although ap- 
parently easy, is the most diffievdt and important part of aTrigo- 
nomctrical Survey, as upon its accuracy, that of every triangle 
depends, and one in which every refinement, which mechanical 
ingenuity can devise, has been adopted, with a view to obtain 
Mathematical accuracy. The length of the base is made to 
depend in general on the proposed lengtli of the sides of tho 
triangles, ■v^liich arc to bo deduced from it, but circum- 
stances seldom allow it to exceed from seven to eight miles 
in extent, as its position is to be selected on an even plain, 
as nearly as possible horizontal, and otlierwise conveniently 
adapted for purposes of measurement, where both ends of 
tho base would he visible from each other, os well as from 
such stations with which they should form Symmetrical 
Triangles. 

Our limits uill not admit of entering into, a description of 
tho different implements, which l^a^e at divers times been 
made use of for the measurement of a Base Line. Formerly 

3 B 
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in tlie English, as well as in the Indian Trigonometrical 
Suiwey, Steel Chains of one hundred feet in length were 
employed in this operation, hut this implement has now been 
set aside, and the apparatus introduced iu its place are the 
Compensation Bars and Microscojpes. On the Continent, rods 
of different metals, as platina, copper, iron, &c., are used in 
measuring a Base Line. 

■ When a Base Line is measured with a Metallic Rod or. 
Chain, it will stand in need of a correction dependant- upon 
temperatm’e, because the length of the measuring imple- 
ment varies with the indications of the Thermometer. When 
the Compensation Bars and Microscopes are employed, the 
correction for temperature is never required, that apparatus 
being so constructed, as to indicate the same, or nearly the 
same length, under every variation of temperature. 

Eull accounts of the measurement of the Base Line, with 
Compensation Bars and Microscopes, will be found in Everest’s 
Account of the Measurement of the Arc of the Mexidian, 1847, 
and in Tolland’s Ordnance Survey, 1847. Again, Lambton’s 
Papers in the Asiatic Researches, as likewise Everest’s first 
work on the Indian Arc, published in 1830, contain 
accounts of Base Lines measured with a Steel Cham. But the 
paper which would be most serviceable to a Revenue Surveyor 
is that published by Captain Herbert, in the 14th volume of 
the Asiatic Researches, in which he gives an account of the 
measurement of a Base Line, executed with deal rods in the 
Dehra Dhoon, for the purpose of making a Trigonometrical 
Survey of the Himalyah Mountains. 

The method of laying out a Base Line previous to measure- 
ment is thus done. A Boning instrument,* or in lieii thereof a - 
Theodolite, being firmly planted at the origin, its line of 

* The Boning Instrument is used only for Base Line operations, it has 
the common propei’ties of the Theodolite, only -ndth more perfect adjustments to 
the line of CoUimation and of the Horizontal and Transit Axis Levels, and in addi- 
tion lateral motion to the Telescope. 
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collimation and the transit axisheing likewise truly adjusted; 
marks are then fixed in the ground, at difierent distances 
in a continuous vertical plane, as far as the power of the 
Telescope will permit, the instrument is then taken fonvard 
to w’itlun three or four marks, or pickets of the extremity of 
the line ranged, and placed correctly over one of them by 
means of the plummet, and by the intersection of the cross- 
wires of the Telescope, directed to the back and forward 
pickets successively. This done, other marks are then fixed 
in the same vertical plane until the terminus of the Base Line 
is reached. 

Boards 12 or 15 inches square, with concentric black and 
white rings painted on both sides, make good ranging marks. 
Besides the marks at the extremities of a Base Line, which 
should always bo constructed so as to be permanenty two or 
three intermediate points should be carefully determined and 
marked, during the progress of tlio measurement, so as to 
servo for testing tho accuracy of the different portions, by 
comparing them with each other by minor Triangulation. 

In measuring a base for the Topographical Survey of any 
moderately-sized portion of country, it will he sufficient to 
measure its length carefully two or tliree times with well sea- 
soned fir or teak rods, or a good Steel Chain which has been 
compared with a standard. 

The rod or chain employed in the operation should be 
always, if possible, adjusted to a horizontal position; but tliis 
fs’a condition wfuch the unevenness of the ground woufd 
occasionally prevent its being carried into effect. v^V^len this 
occurs, tho angle, at which the measuring implement is inclined 
to tho horizon, should .be carefully observed and registered in 
the Base Line book. 

As the Theodolite is tlie only instrument which is likely to 
be at the disposal of the Revenue Surveyor, we will proceed ’ 
to show how. it may be employed in determining tlio angle 
abovemeutioned." The Theodolite being fixed at a convenient 
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spot in tlie allinement of 
the Base Liiie^ adjust the 
Telescope, or rather the 
line of vision thereof, to a 
horizontal position. Let 
H/i represent this line. 

Also suppose AB to he 
the measuring implement, 
placed as will he required 
in the course of the mea- 
surement. Now the lengths of the lines AH and B7i can 
easily he ascertained, hy holding first at A, and then at B, a 
perpendicular staff, and marking thereon the points at which it 
is cut hy the visual line of the Telescope. Calling >n the former 
and n the latter of these lines, it is evident ; firstly, that when 
m and n are equal, the measuring implement is horizontal : and 
secondly, that when this equality does not obtain, the implement 
in question is inclined to the horizon, tlie advanced end B 
heing higher or lower than the rear end A according as m is 
greater or less than n. 



It is also clear that sin. 


^ ^ in which i denotes the 
h 


inclination of the measuring implement to the horizon, h heing 
its length. 

When the measming implement is laid inclined to the horizon, 
the distance it measures off on the latter plane, is equivalent to its 
projection thereon. Putting mir) n — d and/> = length of the 
projection ahovementioned, we shall have p = a/ ^ 


which expanded becomes 


2h .87i3 ~ 


Compute tlierefore the terms 


2h^ 


d^ 


and sub 


tract their sum from h, the remainder will he the value of the 


projection of the measuring implement on the plane of 
the horizon. 
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A good method is to lay the pair of rods, as it is termed ‘‘ in 
coincidence,” that is, lines drawn 
across them near their extre- 
mities, are made to coincide 
most accurately as in the 
sketch (Fig. !•) The ends of 




the rods may be laid together on tripod stands, (Fig. 3,) 
a set of six being properly allined and lerclled, and where 
the inequalities of the ground renders it necessary to alter the 
level, a plumb line is sufficient to obtain a coincidence of the 
marks on the rods. If the tripod stands are not available, 
boards may be Imd down, the edge of a common table knife' 
being placed along the divisioiis or cuts on the rods, to shew 
the coincidence, as in Fig. 2. 
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In order to compare together, and connect bases measured at 
different elevations in distant parts of the country, it is neces- 
sary that they be referred to a common elevation. For this 
common standard, the mean level of the sea, naturally presents 
itself as the most suitable, admitting, by.its very nature and 
imiversal access, of easy reference. 

A base measured on an elevated plain is thus reduced to its 
proper measm’e at the level of the sea. 


Let r = radius of the earth (supposed 



r ^ 7i — radius at the level of the mea- 
sured base. 


A = measured base AB 
a — reduced base ah 

Then because similar arcs are in the 
same ratio as their radii, Tve have 

r -f /i : r : : A : a 
■which gives a = = A (^1 + which expand- 

ed by common di-vision becomes 



1. y. "i" y.2 y,3 


73 + •••} 


rri r A • AA A/t^ A/i^ „ 

Therefore a — A. — — r- + &c. ... 


Subtracting both sides of the equation from A, there will arise 





which is the required expression for the reduction of the mea- 
sured line to the level of the sea, and in which it will never 
be necessary to use more than the first term. 
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As an example to illustiatc this.foimul'i, will take the 
Base Line measured bj Col Lambton, in 1815, m the Vallej of 
Beder — 


Teet 


^Measured length of the Base Line A = 

Mean he ght of the base ahoTe the | 

sea level, * 

Mean radius of the earth, r =: 


30800 07 Log- 



Required correction, 


4 488G3 
3J29169 
AC 8 CSOlO 
0 4C037 


wbicb deducted from the measured base will give its length at 
the sea level 

Before, however, deducing the real length of the line, the 
manner of determining the length of tlie rods must be attend- 
ed to Twentj-five feet rods, about 1| inches by have been 
made use of, and four rods placed together, compared with 
the Standard Cham The graduation of one of these rods 
ogam may be made ^vlth a two-feet Gunter’s Brass Standard 
Scale, and the other three compared with it, as a check on the 
operation , but such a length and thickness of rod require a 
large number of stands, or trestles to support it For one 
pair of such rods, nme stands would not be too many, at a 
distance of 6;J feet apart — twelve feet rods, therefore, may 
bo deemed preferable. A good Beam Compass, w ith metal 
points, may be used for taking off the divisions, which should 
ho laid down sev eral times ov cr bj means of dots and arcs , 
studs of ivory having been for greater accuracy let into the 
wood, on which the arcs may be drawn , the beam should 
then a second time he compared with the scale, after the 
stepping, or dividing is concluded, and half the difference (if 
an}) applied as a correction, the Thermometer being noted 
licforo and after tlie mean is taken The two rods after being 
divided, must bo duly compared with each other, being firmly 
tied together and laid on a smooth table, planed exceedingly 
tnie The comparison w itli the Steel Chain requires, that the 



Intfcr should 1)0 fairly sirctcliud with a weight ofahoiitlO lbs., 
mul due allowance made for the expansion of the inctiil, which 
has hocn found to he *0()7o inches for every 1® of Fahrenheit 
on 100 feet. The enijdoymcnt of the Chain in measuring a 
Base Line not only occupies an immense period of time in the 
operation itself, hut still more so in the preparation of coffers 
and stands, which latter rofjuirc elevating screws and arc not 
to he made without extreme difficulty, in most of the situations, 
in which Surveyors find themselves in this countiy. An 
expeditious method, and one reeptiring hardly any ap 2 )aratus, 
is to drive stout jackets into the ground at distances of twelve 
feet, and with a rod of this length well trussed and fimnishcd 
with points, forming in some measure, a large Beam Compass, 
the exact length may he set off from picket to picket. The 
measurement heing conducted so near the gi’ound, occasions 
however great uneasiness in the position, and it is well loiown 
how essential an easy position is, to correct operations of every 
kind, the plan may, nevertheless, he found useful, where only 
a tolerable degree of exactness is necessary. 

• The Base Line, determined as described above, may be made 
the origin of a series, or of a network of triangles as may be 
required. After the Triangulation has ti’avcrsed over a certain 
extent of country (say 150 or 200 miles) one of the computed 
distances, when conveniently situated for the purpose, is again 
measured Avith the same care and attention to minutia} as Avere 
bestoAA’^ed on the measurement of the original Base Line. The 
Line measured is called the Base of Verification. Its object is 
by comparing the result of the computation with that of the 
measm’ement, to check the error of the Tri angulation. 

After the measurement of the Base Line at 

Selection of Sta- Survey, the next step is the 

selection of the Stations for the Triangulation, 
or the division of the comitry to be surA’’eyed 
into a series of large triangles, the angles of wliich are placed 
at Stations clearly Ausible from each other. 
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The most conspicuous Stations arc selected as Trigonome- 
trical points and are chosen with reference to their relative 
positions — as the nearer these triangles approach to being 
eijuilateral, the less -will be tlie error in the resulting sides 
consequent on any slight inaccuracy in the observed angles ; 
but this being difficult in practice, tlie rule is to admit no 
angle under 30® or above 90". The main series of the Tri- 
angulation should consist of triangles as large as the natural 
features of the country will admit of — ^fromvlS to 20 miles is 
a very convenient distance for Principal Stations in hilly 
countries, because objects can be seen at such distances without 
much difficulty in ordinary conditions of the atmosphere. 
If, as is frequently the case, the highest pcalcs are inaccessible, 
it will bo necessary to adopt a lower point, although the 
greatest effort should of course be made to reach the summit 
when practicable; in the case of a lower point being used 
care must bo taken that the view is clear in the direction of 
the Stations in advance. 

It is the practice to mark all spots wliere angles are taken 
whether they be Principal or Secondary Stations. The mark 
is a dot with a concentric circle cut on stone by means of a 
pointed chisel. If the mark can be engraved on the rock 
in situ, so much the better, otherwise a large stone, properly 
marked, ought to be buried in the ground ; over this a small 
platform is raised, on the summit of which another markstono 
is inserted, and fixed truly vertical over the lower one. The 
distance between the two marks should bo recorded, but all 
measurements and observations arc usually referred to the 
upper mark and arc stated to be so. 

Sometimes, on account of intervening obstacles, it is neces- 
sary to raise the platform to a considerable height, in which 
case several markstones are always inserted and their relative 
heights recorded. 

Por Principal Stations it is necessary to make that part of 
the platform, on which the instrument stands, separate and dis- 

3 c 



tinct from lliat on 'svhicli titc oliservcr and Iilrf assistants walk. 
The Instrument is then 
said to he “ duly isola- 
ted.'’ Unless this pre- 
caution is taken, good 
ancles cannot be ox- 
peeted ns the instru- 
ment will be liable to 
irregular disturbajice, 
according to the position of the observer. The annular space 
between the observer’s stage, and the central pier, should be ' 
filled up with gravel, or sand, otherwise screws and other 
parts of the apparatus may he lost. Besides the upper mark- 
stone it is usual to imbed on the pier three picked flat heavy 
stones for the tripod of the instrument to stand upon, these 
arc called feet stones.” It is not usual, if it can be avoided, 
to make isolated platforms at Secondary Stations in localities 
where the ground is very unstead}^ such as deep black cotton 
soil, it may be practicable to steady a Tlieodolite by using 
pickets 4 feet long, and 'driving them into the ground, for the 
stand of the Tlieodolite to rest upon, as described before a.t 
page 328. The pickets isolate themselves for at least one foot 
in driving, but this precaution can only be taken at a new 
Station, otherwise the mark would be disturbed. 

As soon as all the observations have been taken at, and to, 
any Station, and it is no longer required for the pm'poses of 
the Trigonomehacal Survey, it should have the pole and 
brush and pile of stones erected on it, as shewn at page 396, in 
order that it may he visible to the detail Siu’veyors. Tliis pre- 
caution has the further advantage of protecting the markstones. 

As the measimed bases average from to 7^ miles, it will 
perhaps be useful to point out a convenient method of deriv- 
ing by means of symmetrical triangles, sides of continuation 
of 15 to 20 miles in length from a comparatively small 
measured distance. 


I \ 
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KhanJt ffS JKvdaha. 

JLuularsa 




Jianoq H 

"» liZ4r2t> 

Landaor, 

'Tarkllftis* 



I0i» a & 

On reference to tlic annexed slvctch, wliicli is extracted from 
Col. Everest’s plan of the Great Arc Series, it will be seen 
that the first triangle formed upon the measured base is nearly 
isosceles. If it had been perfectly isosceles T\ith an angle of 
30° at the vertex, then the two longest sides which can be 
derived simultaneously from a given distance ■\>ould have* 
been obtained : a result, whicli it will be perceived bas been 
approximated to as nearly perhaps as the configuration of the 
country nould have allowed, by the first triangle in the 
shctcli. 

Again, upon one of the long distances (east end Base to 
Banog) fumisbed by this triangle, biangle No. 2 is formed, the 
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base whereof (1.3^, iniios in Icngfli) being opposite to the small- 
est angle, the other two sides respectively measure 18:J- and 
20,^ miles. The longe'r of these distances (Amsot to Banog) 
the extremities of which being defined by high peaks, forms 
therefore a convenient base of continuation, for the extension 


of the Triangulation to the north and south as may be 
rcr|uircd. 

'J'hc signals used for Tj’igonometrical Sur- 


Sigiinls, 


revs in former times were — 
1st, rings. 


2nd- The Pole and Brush. 


.3rd. Blue Lights. 

4th. Vase Lights. 

rinf^s arc unfavorable for distant Stations because the Staff 

O 

cannot be seen, and the cloth is of coimsc blown aside by tlie 
wind. The flags for Principal Stations used to be 12 feet 
square, one-half being blue and the other half white. 
Those for Secondary Stations are 6 feet square. The blue 
and white cloth should he placed one above the other, and 
not side by side. Tlio pole and brush is erected thus. A long 
straight pole is selected, upon the top of which a brush of 
twigs is fastened ; the pole is placed truly perpendicular 
over the Station mark, and a pile of stones raised round it, by 
means of which it is securely 

fixed. The diagram in the - I 

margin will give a clear idea j| U . 

of this, signal, which is a very j| 

economical and useful opaque 
object for day observation. 

The pile of stones may he 5 or 
6 feet high and the pole about' 
as much longer. 

Blue lights are very powerful 
and can be seen at distances of 
50 or 60 miles. Theiy are also 



G fal, 
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useful at nearer distances in ha^ weather, when other signals 
are not visible ; if not carefully sheltered from the wind by 
grass screens, the flame is liable to be blown aside. On this 
account it was the practice of Col. Everest, the late Sur- 
veyor General of India, to bum them behind an iron screen, in 
which an aperture had been cut 3 or 3^ inches in diameter, 
and the centre thereof was duly plummed over the Station 
mark. The blue light fastened on the end of a stick, w'as held 
carefully behind this hole, and no part of the flame could 
therefore he visible to the distant observer, except through 
the circular aperture, which having been adjusted over the 
Station, ensured accuracy. 

Blue lights being expensive articles cannot he kept constant- 
ly burning, but arc fired at regular intervals of time by an 
assistant. They are usually cut in lengths to bum about 4 
minutes and are fired at 5 minute intervals, w’hich enables 
the observer to read off the observation, and also to observe 
and read off the referring lamp. After every second or third 
blue light a longer interval of say 10 minntes or ^ of an hour 
is allowed to elapse, in order to allow time for changing zero 
of the instrument, which will be described hereafter. To pre- 
vent confusion blue light angles arc always taken with a refer- 
ring lamp as shown in the diagram. Sup- 
posing for example the observer is at A 
t and has to ohsen'c B, C, D, E, by means of 
\bluo lights, a convenient mark is selected 
kt say R about 2 to 3 miles distant, and a 
lamp is constantly burned there, during 
the time of night observations, and dur- 
ing the day a flag staff, or light vane, is used. 

Suppose tho blue lights arc first fired at 

Station B, then after every intersection 

of Station B, the readings are noted, the Telescope is then 

turned to U and the readings thereof noted, whence tlic angle 

BAR is deduced by direct observation. Similarly at another 
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period of tlie same night, or the next night, the Z CAR is taken, 
and so forth, wlierehy the Z BAG may he deduced by tlie 
equation BAR — CAR = BAC. The angle CAD by the 
equation CAR -}- DAR = CAD and so on. It is a rule, that 
if any portion of the series of angles is taken -with a referring 
lamp, the whole are to be talcen in the same manner, otherwise 
confusion would arise; also in taking the series of observa- 
tions required for determining CAR, the readmgs of R must 
always be the same within a minute or two, with the riew 
of measuring the angle BAC, on entire arcs of the limb 
agreeably to the system practised in- the Great Trigono- 
metrical Survey, explained in the subsequent part of this 
Chapter. 

Yase lights were invented by Col. Everest nearly 30 years 
ago and completely altered the operations of the Great Trigo- 
nometrical Survey in India, which had pre^dously to be carried 
on, in the imhealthy season of the rains, in order that the opaque 
signals, such as flags, might be clearly seen. By enabling ob- 
servations to be rapidly taken at night, the progress of the 
work was also much accelerated. 

The vase light consists of a common earthen dish about 10 
inches in diameter, (more or less according to distance,) and 
filled with cotton seeds and common oil. This is placed 
upon the station, and to prevent 
the flame being blown aside, 
a large earthen pot in the side 
of which an aperture has been 
cut is inverted over the dish, 
as shewn in tlie diagi’am, an 
aperture is also cut in the top 
to allow the smoke to escape. 

Further protection is necessaiy 
from high wind, by means of 
grass screens and blankets, leav- 
ing merely the requisite opening in 'the direction of the ob 
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server. Tlie materials for this light are procurable in neaily 
every village. 

Trigonometrical operations in Southeni India were entirely 
conducted by means of the foregoing signals, more especially 
the vase light for Principal Stations, and the pole and brush for 
Secondary Points. During tlio last 17 jears however, signals 
of modem invention have been employed on account of their 
superior economy, convenience and power. These consist of He- 
liotropes, Argand reverberatory lamps, and Drummond lights. 
The latter surpass all pre^doiis contrivances, a ball of lime, 
about a quarter of an Inch in diameter, placed in the focus of a 
parabolic reflector, and raised to an intense heat by a stream of 
oxygen gas directed through a flame of alcohol, produces a light 
eighty times as intense as tliat given by an Argand burner, and 
is visible even in hazy weather at a distance of 60 and 80 miles. 

Tho Heliotrope consists of a circular piece of flat plate gla&s 
mirror, about 9 indies 
in diameter, -va ith a 
sm.aU unsilvered aper- 
ture in the centre about 
0.1 of an inch in diame- 
ter as represented in 
the figure. This mir- 
ror is mounted on a 
frame •\>liicli stands on 
a tripod for tho sake of 
steadiness. 

Tlie frame admits of the looking-glass being turned on a 
horizontal axis as well as on a vertical axis. Tliesc tuo 
motions in altitude and arimuth am regulated by means of 
rack work and they permit the reflection of the sun’s rays to 
be turned in any required direction. In order that it may be 
directed truly to the obscr%'er, a ring uith cross-wires, is 
placed at a distance of about 3 feet; the signal man then 
looks through the nnsilvered aperture in tlie centre of the 
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Heliotrope and moves the cross- 
wires until they intersect the 
distant station. Thus the cen- 
tre of the Heliotrope^ the centre 
of the wires, and the observer’s 
station form one right line. 

Now, if b}’’ means of the rack 
work the mirror is moved in 
altitude and in azimuth until 
the sun’s rays fall on the wires, 
it is evident that the light will 
proceed straight to the obser- 
ver’s Station; hut the pencil of rays must he duly bisected 
by the wires, which intersection can be managed with ease 
and delicacy, by means of a little circle of white paper placed 
at the crossing of the wires, upon which paper the reflection 
of the little apertm'e in the centre of the mirror may be seen 
like a small dark speck. When the weather is hazy, the signal 
man will of comse be unable to see the observer’s station, in 
which case, unless a nearer mark has been given to guide him 
or a directing line has been drawn for him, he will be so far 
helpless. Under such circumstance, the observer ought to 
direct one or more Heliotropes towards the man and keep them 
playing until he has adjusted his apparatus. Similarly, if the 
man is careless and neglects to keep the sun’s rays constantly 
shining in the true direction, the observer has only to flash a 
Heliotrope at him, to keep him alert. 

A Heliotrope of 9 inches, will answer for 90 or 100 miles; 
for nearer distances it is much too bright to he observed 
tlmough a Telescope, and the light must be diminished in 
the following proportion. For distances of 2 or 3 miles 
(the usual distance of a referring mark) an aperture of 0.25 of 
an inch will answer, and for longer distances about 0.1 of an 
inch of aperture per mile of distance will suffice, viz. an inch 
for 10 miles, 2 inches for 20 miles, and so on, provided always 
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the apparatus is carefully adjusted and the man, who works it, 
is alert and skilful. 

These apertures are cut in a board which stands upon 3 
feet (as shewn in the figure) by means 
of which the centre of the aperture 
can bo adjusted plumb ovcrtlic Station 
mark. Tins board is called a Sight 
Vane, and stones are placed on tlic tail 
piece to prevent its being disturbed 
by the action of tlie wind- If this 
sight vane be used, the wires before 
described arc unnecessary, because 
cross-hairs can be fixed in the vane, 
and will become a substitute for the wires. The Heliotrope is 
in this case placed 2 or 3 feet m rear of the Sight Vane, and 
moved laterally and vertically, until the eye applied to the 
centre unsilvcrcd dot, views the observer’s station and the 
cross-hairs in one line. TIio Heliotrope must bo secured in 
this position, and tho means of doing so will readily suggest 
themselves. It is needless to say that it must be quite finn. 

A veiy good substitute for a regular Heliotrope has been 
frequently made out of a good 
looking-glass, w ith a flat suifaco. 

A small hole is drilled through 
the centre of tho back board of 
the looking-glass and the silver- 
ing scraped off. This aperture r 

should be truly centrical.^ Tlic ^ 

looking-glass is then sivung in 

a frame of wood in such a waj' ^ 1 1 | 

that the axis of motion shall ~ ^ 

pass through the unsilvered 
aperture. This frame is fixed 

upon a vertical axis which ought also to coincide with the imsil- 
\cred dot in the mirror. Finally, the vertical axis is planted on a 
board w itb 3 foot screws for adjustment They have been fre- 
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qucntly with success, «>ii (he suhordinatc scries of the Great 
'J’riKonomctrical Survey as well as in tlic Revenue Survev, and 
being powerful as well as economical instruments, they will he 
found I'eiT useful. }h' means of tlieni and vase lights, work can 
he carried on with great rapidifjq hccausc the onl}^ limit to the 
times at which observations can he made will he from 9 o’clock 


A, M. to 2.^ or .3 o'clock P. rvr. But the Heliotrope is more parti- 
cularly recommended for the purpose of taking vertical angles 
with certainty between the lionrsof 2,^ and 3,^ afternoon, wdiich 
is the time of minimum refraction, because verticals taken at any 
other times arc subject to great irregularities, whereby heights 
detluced from tlicin arc nearly worthless. Luminous objects arc 
much more correctly, rapidly, and comfortably observed than 
0 })a(|uc ones, which if distant, arc ahvays faint, and disappear 
■when brought near the wire of the Telescope. 

In advancing the Ifield-work, it is neces- 
Obscn-hi?^ sary that the angles he read on the whole 
limb of the Theodolite, for thus the error 
of graduation is obviated. It is also to be borne in mind, that 
the real basis of all angular measurements is the gi’aduation of 
the Theodolite. Suppose a 12-inch Theodolite is used, and the 
sides of a triangle are about 10 miles, the chord of the angles 
on the Theodolite will be little more or less than 6 inches, and 


the accuracy of the angle depends on the gi'aduation defining 
this chord with great precision. The space on the Theodolite, 
in fact, represents in ininiatui’e the actual space in the Lield, 
hence the nccessit}' for ffj’cat care when angular measurements 
are concerned. From this follows the necessity to change 
zero, and to take care that the Theodolite is an absolute 
fixture ; the least shake in the gi’ound ruins the angle. The 
instrument must be placed on firm ground, such as rock, or- 
other methods adopted for isolating the instrument from the 
observer. On account of the want of firmness and immobility 
of the folding stands, for 7-inch and smaller sized Theodolites, 
they have now been discarded both from the Trigonometrical 

ftnonfe 1irnr*p4 ti’inofl liPnd-stallds 
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suljstlUUcd as described in page 130. These also form a good 
stand for the piano table or drawing board, so that after the 
angular work is completed, tlic Surveyor can sketch in the 
ground. A good 7-inch Troughton and Simms’ Theodolite 
mounted in this way, and always placed on firm ground, un- 
shakablo by the observer, will give excellent work for minor 
triangulatlon, provided proper signals are used. 

All observations taken to elevated objects arc subject to two 
great sources of errors, arising from disicvelmcnt of the transit 
axis, and want of adjustment for the collimation. These causes 
of error are generally large in small instniments, and although 
capable of practical adjustment and rectification, still adjust- 
ments do not long remain, hence the system of observation 
should have the property of cancelling all such residual errors. 
Tills system is merely change of face, i. e., observing alter- 
nately with the vertical face to tlie right and left, whorohy 
the errors of collimation and dislevelment of transit axis are 
completely eliminated. Too much regard cannot be paid to this 
principle in all horizontal angles, whether to elevated or non- 
elevated objects, for as it is easily practised, so is the effect 
complete. No confidence can, in fact, bo placed in observations 
on a single face, unless there is evidence of the perfect adjust- 
ment of the instrument and such evidence is never forthcoming. 

The angles at a Station are taken thus, supposing the 
obsen'cr, at A, and the signals, at B, C, D 
and E, are all visible, the instrument is 
carefully levelled and adjusted and so 
fixed that some Station, B for instance, 
reads 0 or zero, then B is called the 
zero point. Suppose the Telescope to be 
brought up from the left hand of B and 
turned gently, so that B may enter the 
field of view and como near the centre 
wire, but not pass over it Tlien clamp 
t!ic instrument and complete the bisec- 
tion of B by using the tangent screw of 
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slo^y motion. Road ofF all the micrometers or verniers, 
and let an assistant record the rcadiims in a fair Icrrible 

O O 

liand in tlio angle book. Look again into tlic Telescope and 
see that B remains bisected ; if found correct, then carefully 
uiiclamp and move the Telescope gently towards 0, taking 
care liot to overshoot it ; Clamp, bisect and read off as before, 
and so on for D and E. A complete round of observations 
at zero 0, taken by a continuous motion of the instrument 
from left to right, will thus be obtained. Now overshoot the 
Station E, and bring the Telescope back b}’- a continuous 
motion from right to left, observing each Station in succession 
and recording the readings; this will give a second set at 
zero 0, which will suffice. It is the practice of the Trigono- 
metrical Survey to make always one repetition at least, in 
order that mistakes may not creep in, and pass luidiscovered. 

Now turn the Telescope over 180° in altitude and round 
180° in azimuth, so that if the face of the vertical circle were 
previously to the left hand, it will now he to the right hand 
of the observer, B will then read 180°, and this is called zero 
180° F R, (face right) the former position being zero 0° F L, 
(face left.) Proceed as before and take two sets of observations, 
the motion of the instrument bemg in one set continuous from 
left to right, and in the other from right to left, as before. 

Now if the instrument be supplied with an uneven number 
of micrometers, 3 for instance,* it is clear that at zero 0 
the readings will be at 0°, 120° and 240°, wliile the readings 
at zero 180°, will be at 180°, 300° and 60°, whereby these two 
zeros give readings at every 60° of the limb. It is the practice 
on the Great Trigonometrical Survey to tal^e observations at 
every 10° of the limb for the purpose of eliminating errors of 
graduation. This object is accomplished by shifting the body 
of the instrument, so that the zero station may successively read 
0°, 10°, 20°, 30°, 40° and 50°, which, with the respective opposite 


* The great or 24-inch Tlieodolites have 5 microscopes. The IS-inch insh’u- 
ments have 3 microscopes, and the 12, and 7 and .S-inch have 3 verniers. 
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faces, vi7., ISC’, 190% 200% 210®, 220® and 230®, gives every 
10® of the limb as required. 

When two obsen*ations of the same angle are made in the 
way described before on any part of the limb, they will occa- 
sionally exhibit a difference much greater than ^>ill be war- 
ranted by the power of the Theodolite used. When this hap- 
pens, it is customary to take a third, a fourth, and sometimes 
even a fifth observation on the same ?cro, so that the mean 
result may bo affected as little as possible by the discrepancy 
above adverted to. 

'Whatever however may be the number of observations made 
on any part of the limb, their aritlimetical mean is computed 
and treated as an integral observation. For an angle there- 
fore which has been observ'etl on a given number of zeros, there 
will bo tho same number of integral observations deduced, the 
arithmetical mean whereof is tho true value of tho angle. 

It is a fixed rule in the Great Trigonopictrical Survey 
never to reject an observation, unless there bo some obvious 
error in it, the circumstance of its differing, however widely 
from tho moan, Is not of itself a sufficient cause for its cx- 
punction. 

The extent of operations on a Revenue Survey does not, 
however, call for this extreme precaution, and as the vernier 
of a 12-incli instnimcnt is graduated to 10 seconds, and by 
estimation reads 5 seconds, no good purpose would bo attained 
by multiplying observations to the above extent, and readings 
at every 30® are sufficient. Upon this principle the zeros to 
be adopted, arc 0® and 180®,30® and 210% whereby, uith 2 sets 
at each, there nill be 8 sets, from which a good mean result 
may bo derived, and a smaller number of observations for 
primary triangulation of tbo Revenue or detail Survey, would 
not be satisfactory. 

It is clearly to be understood tliat the change of zero should 
be regular, that is to say, that the readings should be uniformly 
distributcil at equal intervals round the limb, otherwise, the 



probability of eliminating the errors of grnchiation svill be 
cliininisbcd. 

In tbc foregoing instructions the signals at all the Stations 
liave been suj)posccl to be simultaneously visible, vbicli is fre- 
(jucntlj', but not always tbc case. It is generally so when 
lamps arc used at night, but, wlicn Heliotropes arc emplo3'C(l, it 
is evident that an eastern Station will be seen with difficult3' in 
the morning, whereas in the evening the Heliotrope will shine 
vividly, and vice versa in the case of a western Station, similar- 
13' there will be great changes in the appearance of flags as the 
position of the sun varies. Under these circumstances, the 
observations cannot alwa3'S be taken in regular rounds in the 
simple manner before described. The best plan in this case is 
to use a refcrrinc: mark, and connect each Station therewith at 
such times, as ma3' be most convenient for observation." This 
arrangement involves the necessity of frequcntl3' shifting the 
instrument so as to return to former zeros, and care must be 
taken that on each recurrence, the referring lamp be made to 
read ncarl3' the same minutes and seconds as before. It is 
usual but not essential to make the referring lamp the zero 
Station. If, however, there be among any of the principal 
Stations to be observed, one peculiarly well situated, with every 
probability of being visible at all lioims, it ma3' conveniently 
be adopted and treated as a referring mark, whereby the 
extra labor of observing a supplemental point will be saved. 

The observations are to be recorded in a book, the method of 
keeping which Avill be understood from the subjoined specimen. 
The headings of the different columns are so explicit, that no 
further explanation of them appears necessaiy. The written 
characters L and R in the column entitled " face and zero,” 
mean face left and face right, alluding to the position of the 
vertical circle; and the figures 0°, 180°, &c., annexed to those 
characters, refer to the zeros. 

* The method of deducing ang-les when a referring- mark has been made use of, 
lias already been explained at page 397. 



SPECIMEN or THE ANGLE BOOK 
Morning Angles (alien at Durgapur Jlill Station, 2Qth Fehniarg, 184:4 

L ,t Micrometer ncadin8:8 I ^ 

I-aceaiid Ang:les Xlemarks 
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I’liuljon, „ 257 37 61 1 30 52 5 37 K3 257 37 3197 



Night Light Angles tahen at Durgapur Hill Station, 29th February, 1844 . 
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Synopsis of the foregoing observations, arranged under their respective Zeros. 
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" Durgapur Hill Station is situated about a mile east of tho village of the same name in the Juiigul Mehal’s 
District. It has the respectable village ofPandra about 4 miles S. "VF. There are two roads to the station from 
Durgapur village, tho shortest or tho one directly cast is steep, while tho other which commences from the north 
foot of tho hill, is of gradual ascent and circuitous. A platform points out tho station of observation. It 
has another hill about 5 miles north called Budmab, which is also marked.” 
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The angle hook- should on no account ever he suffered to 
fall in arrears. The original should he examined hj two com- 
puterSj and attested hy their signatures, and the name of the 
observer should he recorded. The duplicate should he com- 
pared with the original hj two persons and likewise attested bj 
their signatures. It is a standing rule in order to exclude 
errors, that all computations and comparisons should be per- 
formed independently by two persons, and attested by their 
signatures, and unless such precautions have been observed, 
the results are considered untrustworthy as final work. 

It is convenient to keep an Observatory Memorandum Book, 
for the purpose of registering all sorts of remarks, and it is 
usual to insert in this book the results of observations, as they 
are taken, in order that the observer may be able to see at a 
glance how the work is progressing. 



CHAPTER XVII 


On the Computation of Gcodetical Triangles 

With respect to the angles thus observed, and the tnangles 
formed from them, they are not, rigorously speaking, plane, 
but spherical, e'^isting on the surface of a spliere, or rather, to 
speak correctly, of a spheroid In small triangles, of six or 
se\ en miles in the sides, this consideration may bo neglected 
as the difTcrencc is imperceptible, but in larger ones it must 
be taken into consideration 

^*It IS evident tliat as caery object used for pointing the 
telescope of a Theodolite has some certain elevation, not only 
aboa e the soil, but abov e the lea el of the sea , and as, more- 
over, these elevations differ in eaeiy instance, a reduction to 
the horizon of all the measured angles w ould appear necessarj 
But in fact, b;y the construction of the Theodolite, which is 
nothing more than an altitude and azimuth instrument, this 
reduction is made in the aery act of reading off the horizontal 
angles 
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Let E be tlie centre of the* 
earth; A, B, C, the places on 
its spherical surface to which 
the three stations, A, P, O, in a 
country are referred, by radii 
EA, EBP, ECO. If a Theodo- 
lite be stationed at A, the axis 
of its horizontal circle will point 
to E when truly adjusted, and 
its plane will be a tangent to 
the sphere at A, intersecting 
tlie radii EBP, ECO, at M and 
N, above the spherical surface. 

The telescope of the Theodolite, 
it is true, is pointed in succession to P and O ; but the 
readmgs of its azimuth circle give , — not the angle PAO be- 
tween the directions of the telescope, or between the objects 
P, O, as seen from A, but the azimuthal angle MAN, which 
is the measure of the angle A of the spherical triangle BAO. 

The true way then of conceiving the subject of a Trigono- 
metrical Survey, when the spherical form of the earth is taken 
into consideration, is to regard the network of triangles into 
which the country is divided, as the bases of an assemblage of 
pyramids converging to the centre of the earth. The Theodo- 
lite gives us the true measures of the angles included by the 
planes of those pyramids; and the surface of an imaginary sphere 
at the level of the sea, intersects them in an assemblage of 
spherical triangles, above whose angles, in the radii prolonged, 
the real stations of observation are raised by the superficial 
inequahties of mountain and valley. 5^ 

Having shewn that the triangles described upon the surface 
of the earth are spherical triangles, we will now proceed to lay 
down the rules by which they may be computed. 

One property of a spherical triangle is, that if its three angles 
were added together, them sum would be greater than tt or 
^He r^c7je7j 
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180®.* Calling therefore AyBt C, the angles of a spherical 
triangle, we shall have C— Jt + e. 

The term c hy which the sum of the angles exceeds a semi- 
circle or ir, is called the spherical excess of the triangle. 

On a little consideration it will he evident that the compu- 
tation of the spherical excess of a triangle is a circumstance 
of great moment, for unless that term is known, the accuracy 
with which the angles have been observed, can never bo ascer- 
tained, nor as it will afterwards appear, can the triangle itself 
be computed as a spherical triangle. 

Thc rigorous formiila as established by writers on spherical 
trigonometry, for the computation of the spherical excess is this: 

tan|c. sin/4 
1 -f. tan^b. tan^c. cos A 
in which 6 and c represent the two spherical sides, the former 
being opposite to B and the latter to C. 

Although this formula for the spherical excess possesses a 
neat and compact form, it is far from being susceptible of an 
easy arithmetical computation, particularly ■when it is applied 
to such triangles as those presented by a Trigonometrical Survey 
of an ordinary description. To adapt the formula therefore to 
this exigency, it will require to be evolved into a series. This 
done, and putting t for the mean radius of the earth, the value 
of e in seconds will stand as follows : 

,, be sill A cosec 1'' 


Tan 4 e s= : 


h^c sin A cosec 1“ 
“24 ~T' 

b<^ sin.<4 coscc 1' 
24 T* 
6*.c’sin2<4 cosec 1® 


• large Theodolite, three fret In diamefer, ras the firet Instfument 

by which this excess, railed the fphcrical excess, xtm obserred. It is alwaji 
a minute quanUty, seldom exceeding 4' to 5* in the triangles used in eeodetical 
operations. 
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In this series the first term is only effective, and the other 
terms being very minute may be thrown out of consideration. 
Supposing h and c to be given in terms of some linear unit, it 

is evident that represent the area of the given 

spherical triangle computed as a plane one, such an area 

COSGC 1 

therefore multiplied by the constant ratio will give 

the spherical excess in seconds. 

In practice, however, the distances h and c are rarely known, 
the given elements being generally one side a, and the three 
angles B, and C. If therefore the area of the triangle is re- 
quired in terms of these elements, it will be equivalent to 

sin B sin C 
2 sin /I 

The computation of the spherical excess of a triangle does 
not demand, that its angles and sides should be known to any 
degree of nicety. It will be sufficient if the former are taken at 
their observed values to the nearest second: altering: these 

O 

values when required by equal amounts to make their sum 
amount to tt. Either from these data, or from the sides derived 
therefrom, the spherical excess may be deduced, which will 
be true to witliin the limits of accuracy usually required in 
practice. 

As an example of the computation of the spherical excess, 
take the 23rd 'triangle from p. 261, of Colonel (then Capt.) 
Everest’s account of the measurement of the Great Indian Arc, 
published in 1830, assuming the mean Radius of the Earth 
to be 20888153*2 feet, which is the numerical value of r, in 
tlie formula before given. 
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Yemska to Sheialmgapah a ^ 
Log 51346620 

= 136352 16/eei 

3 

Stations Obserred Angles 

is 

A 

u 

!ll 

1 m ^ 

Sines of corrected 
Angles 

Computed 

sides 

1 

Q 

/ • 




Yemsba, C 70 

66 45 0GG 

41 

9 9”5o256 


Sberalingapah, B 60 

4 9423 

4 

9 D333739 


Yaenagapally, A 4.9 

69 20 567 

15 

0 8S11744 





fFcet, 

162"08 
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i 





(Loff, 

6 1638015 




f Feet, 1 

168273 

Ditto to SheTaliagapah 

t B 


i 





(Lee. 

5 22C01S3 


SrHEniCAL Excess Computed 


Log S 

5 1838015 

Log a 

[5131CC20 

Log c 

6 2QC0X32 

( 5 134CC20 

Log A 

18841744 

Log unH 

I9333~39 


T C9‘‘9'00* "j 

Log sin C 

T 07552o0 

Log co«eol' 

5 3144251 1 

Log CDseo A 

0 1158200 

Ec? r 


^ X C Log 2 

1 c'>«iroo' 

15^00999 J 

Log cosce 1' 

5 3I442ol 

(■8 6800999 

Log e 

0 0C"0440 

A C Log r 

tttG800999 


cb4'C52 

Log e 

0 60-6140 


• It preatly facihtatM computation by corobming" thew four I.og«rithnu info 
e sum, and treating it as a constant Log 





that of C: it is evident that A' 4 - ]}' ^ (7 will never be equal 
to - -f- c but will either be in excess or iti defect of this 
amount. 

'^I'bi.s last circumstance may be expressed algebraically in 
the following manncr.yi' -f- B’ q- C = t -f c r, in which - ,-f c 
standing for the true sum of the angles, c will be the error of 
observation. 

In the triangle given above, the sum of the three angles 

u i; II 

= r + 15-9.56 and c = 4-652. Therefore f = 11*304. 

It is clear that nothing certain can be .ad%'anced as to the 
origin of this error. It may be that the signals were not pro- 
perly centered, or that the gr.aduation and the adjustments of 
the instrument were imperfectly executed ; or lastly, that there 
was a peculiarity or a defect in the eye of the observer. All 
these circumstances may have operated sepai*atcly or in com- 
bination, to produce the discrepancy under consideration. 

Supposing, however, that the three angles of the triangle 
have been talvcn with the same instrument, and with the same 
care, and by the same observer, it is extremely probable that 
each is liable to an equal amount of error. If this is ad- 
mitted, it will follow that the best way of expunging e, is by 
apportioning it equally amongst the three observed angles. 

If the angles of the triangle before given are corrected by 
this j)rocess, they will stand as follows : 


Stations. 

Observed jVngles. 

Apportion- 
ment of 
Error. 

Con-ected Angles. 


0 

, / 

g 

g 

0 

/ 

If 

Yemsha, 

70 

’56 

45-966 

—3-768 

70 

56 

42-193 

Shevaling'apah, . . . . 

59 

4 

9-423 

—3-768 

59 

4 

5-655 

Yacnagapally, 

49 

59 

20-567 

—3*768 

49 

59 

16-799 


180 

0 

15-956 

11-304 

180 

0 

4-652 
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The angles given in tlio last column, are called spherical 
angles Their sum amounts (as it ought to do) to r e 
After the observed angles have been reduced to their sphe- 
rical values, the computation of the geodetical triangle may be 
taken m hand 

Of tlie different deductive processes established by different 
writers for the accomplishment of this object, that laid down 
bj LeGendro, possesses superior adv antages on tbe score of its 
simplicity, expedition and accuracy It is based on the 
assumption that the sides of a gcodetieal triangle which may 
be presented for computation, are v cry small in comparison 
with the radius of the earth , and it has been discovered by 
actual calculation, that a triangle whose sides do not exceed 
450 miles, may bo deduced by LeGendre's TJieorem, without 
producing an error of one foot in the result 

This Tiieorcm for the computation of a geodetical triangle 
nfty be stated as follows — ^From each of the spherical 
angles of tho triangle, deduced as directed in the former part 
of this Chapter, deduct one third of the spherical excess With 
the angles so diminished, compute tho sides of the triangle 
by tho rules of plane tngonometry, these sides (such is the 
result of LeGendre’s investigation) will be equivalent m 
length, to the spherical sides of the given geodetical triangle 
It may bo added that when the spherical angles of a geode- 
tical triangle arc diminished by one-third of the spherical ex- 
cess, they arc called angles for computation, and that their 
sum must obv lously amount to 180* 

In the Great Trjgonometncal Survey of India, LeGcndre’s 
•Theorem is made use of m the computation of the principal 
tnangttlation As an example of^which, let us take the 
triangle before given 

3 r 
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Ye7nsha to ShevaUngapah = 1 36352’ 16 feet, 

Log. 5’ 1346620. 

Stations. 

Spherical 

Ang-les. 

Angles for Com- 
putation. 

. Sines. 

Deduced 

sides. 

Yemslia, , . . . . 

Shevaling'apah, 

Yaenagapally, 

O f // 

70 56 42-198 

59 4 6-655 

49 59 16-799 

O / II 

70 56 40-647 

59 4 4-104 

49 59 15-249 

9-9755253 

9-9333740 

9-8841748 

152707-77 

5-183S6I2 

168272-23 

5-2260125 

( Feet, .... 

Yaenagapally to Yemsha, < 

( Log-., 

( Feet, .... 

Ditto, to Shevalingapah, < 

(Log., .... 


Computation of the sides Exhibited. 


First Side. 


Yemsha to Shevalingapah, 


5-1346620 

^ Yaenagapally, 

. cosec. or A. C. of sin. 

0-1158252 

^ Shevalingapah, 







(Log. 

5-1838612 

Yaenagapally to Yemsha, . 


152707-77 


^ Miles, 

• 28-922 


Second Side. 


Yemsha to Shevalingapah, 


5-1346620 

^ Yaenag-apally; cosec. 

or A. C. of sin. 

0-1158252 

Z. Yemsha, 


9-9755253 


/•Log. 

5-2260125 

Yeanagapally to ShevaCngapah, . . . 

168272-23 


( Miles, 

31-870 


The process of computation described in the foregoing pages 
is applicable to the principal triangulation of a series. In the 
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deduction of the Secondary Triangles however, such for in- 
stance as those for a Topograplucal Survey, all this attention 
to minutiai is never required ; it being sufficient to consider 
these as plane triangles and compute them accordingly. 

There is only one circumstance connected with the deduc- 
tion of Secondary Triangles, which stands in need of some 
explanation at this place In some Secondary Triangles, only 
two angles are observed, and in others all three. In the 
former case the two angles are added together, and the sum, 
is deducted from v, the resulting difference is the third, or the 
supplemental angle. In the. latter case the sum of the three 
angles is compared w ith r, and if any difference exists between 
the two amounts, it is apportioned equally amongst the three 
angles, employing the angles so corrected in the computation 
of the triangle. 

The following examples extracted from the Report of the 
Great Trigonometrical Sur\ ey, will illustrate these methods of 
computation. 


Pirer io Paman = I544I 8/ee/’, ioy 4 1886970 


Stations 

ObscTTtd 

Angles 

Apportion- 
ment of 
Error 

ATiplcB for 
Cooiputation 

Sines 

Deduced 

sides 

Tirer, . , . 

Q • n 

53 20 57 5 

4- J-* 

53 M 59 

0 9018905 


Panian, « . 

70 0 41-0 

+ 15 

70 0 45 

0 9731323 


JUIipur, 

50 23 14-2 

+ 14 

60 23 1C, 

0-9205124 



179 59 65 7 

4> 49 

180 0 0 



Mupnr to Pircr, . . . 


{ 

Feet, 

17411 0 

4 21l5is<a 

Ditto to Paniari, . 



• - 1 

r«t, 

4 1730311 
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Paniari to Mirpur — 14895‘4 feet, ’ Log. 4' 1730511. 


Stations. 

Observed 

Angles. 

Apportion- 
ment of 
Error, 

Angles for 
Computation. 

Sines. 

Deduced. 

sides. 

Paniari, , . . 

o / // 

94 51 18 


o / // 

94 61 18 

9-9984390 


Mirpur, 

22 29 38 


22 29 38 

9-5827278 


Tajpur, Vil- 'j 
lag’e Tree > 
Hag, 3 

Supplemen- 
tal Angle, 

il 

G2 39 4 

9-9485233 





180 0 0 








Tajpur to Paniari, 

{ 

Feet, .... 

Log., .... 

6416 

3-8072556 

Ditto to Mirpur, 

1 

Feet, . . ._. 

Log., .... 

16710 

4-2229668 










CHAPTER XYlll. 


On the Computation op Latitudes, Longitudes and 
Azimuths of Trigonometrical Stations. 

Let a tind 23 bo two Trigonometrical Stations. The la- 
titude and longitude of A, together T\ith the distance of A to 
23 at the sea level, and the azimuth of the line as appears to an 
obsers or at A, being given, it is required to deduce the latitude 
and longitude of B, and the azimuth of the same line BA as 
appears to an observer at B. 

The symbols whicli arc usually made use of, to represent tho 
elements giv en, as u ell as those required, arc as follou s : 

Ocments guen 
X Latitude of A 
Td Longitude of ditto 
A Anmuth of B from A* 

C Distance from A 23 
Elanents sought 
I \' IdOtitude of 23 

E' ZongtCucCe of d\iYo 
B Azimuth of A from B 

Of tho foregoing seven symbols, two only, namely, A and By 
which stand for azimuths, require some cvplanation. In the 
Revenue Survey tho origin of the azimuthal arc is placed in 
ndrth, whence it proceeds by cast to south, and thence again it 
returns by west to north. This is the common mode of 
reckoning the azimuth. 

• Tlie method of dcnring the fint or fundamontM azimutli at the oriffJn 
cf the triangulation, will be found in Part V 
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In the formulge ■which will be given hereafter^, the azimuthal 
arc will be taken to commence from south, and to proceed by 
west and north, round the whole circle of the horizon, as 
observed in the Great Trigonometrical Survey. According 
to this view, the azimuth of west will be 90°, that of north 
180°, and lastly, that of east 270°. 

It is necessary to mention at this place that there are two 
solutions of the problem under consideration, the spherical and 
the spheroidal. In the former the earth is supposed to be a 
sphere, in the latter it is'taken as a spheroid. In this work w'e 
will adopt the spheroidal solution, in the first place, because it 
is more consonant to truth than the other, and secondly, be- 
cause the process of computation it gives rise to, has been 
arranged by Col. G. Everest, late Surveyor General of India, 
into a form which is susceptible of easy and convenient appli- 
cation to survey operations. 

In the computation of the Great Trigonometrical Survey of 
India, the dimensions of the earth supposed to be a spheroid 
are taken at the following values : 

Axis Major a = 20922 93 T8 feet. 

Ditto Minor h — 20853374'6 ,, 

These elements are derived from a comparison of the Doda- 
gontaharc, comprised between Punnse and Kahanpur, measured 
prior to the year 1826, with the French arc beginning at- 
Greenwich and ending at Formentera. 

On a slight consideration it will be evident that if the 
differences ^X' - X), {L! - A), {B — -k + A) could be com- 
puted by any process, X', A' and B could be easily deduced 
therefrom. 

For instance supposing X' — X == AX, A ' — L = aA, and 
B — + A) = A.4, we shall have X' — X -j- AX ; 

L' = L AA; and B = {'rr + A) A A. 

The reason why these differential quantities AX, aA, AA, 
are computed in preference to X'', A' and B, is that the former 
are susceptible of easier and more accurate deduction than the 
latter. 
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On reference to pp. ICl and 169, of Col. Everest’s account 
of tho Indian arc published in 1847, it •will be seen that the 
values of AX, Ai, and A/t come owt in infinite series. These 
series arc rapidly convergent : Col. Everest uses only the first 
four terms and omits the others on account of their minuteness. 
For the purposes of this work, however, tho first and second 
terms arc ail which will bo required, the third and the fourth 
terms which are retained by Col. Everest being too minute to 
merit attention at this place.* 

Limited to tho 2nd term, the formulre for the compulation of 
latitudes, longitudes and azimuths as arranged by Col. Everest, 
are as follows : 

For Latitude. For Longitude. For Azimuth. 

c 3,Zw»S,X. sinX. 

iQ\^i^A.2i.5inA,c S.cot A tgA’^SgL. T. 

in which 

SiX+Sg^^A 2jX-h5gZ=A Z. h^A-^ZgA^^A 

The terms P, Q, R, T whicli occur in these formulm 

are composed of tho numerical values of a and 6 given before, 
and of certain functions of the pven latitude X. Most of these 
terms are of tedious deduction, on which account it becomes ne- 
cessary that they should be computed once for all, and registered 
under a Tabular Form, so as to bo ready for use when required. 

Accordingly in tho Great Trigonometrical Survey of India, 

we have the Table of P, Q, P, computed for every 10' of 

latitude between tho parallels of 8® and 35* : — and wo will 
give at the end of this Chapter an extract from this table, which 
will facilitate computations by Col. Everest’s formulae 

The arrangement of this table is so simple that it hardly 
requires any explanation. Enter tho table with tho given 
latitude X of station A. If X is exactly found in the table, 

take out P, Q, P, just as they stand in a line tliercwith. 

This is a very simple operation, but the exact agreement which 
we have supposed to exist between the given and the tabular lati- 
tude, seldom takes place in practice. In most instances the given 
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latitude will lie between two tabular latitudes. In sucb cases 

take out P, Q, R, appertaining to tlie next less tabular 

latitude and correct them in this wise. Take the difference 
between the given and the tal3ular latitude next less, and convert 
it to the denomination of a minute. The term so obtained being 
multiplied successively by the tabular differences for P, Q, Ry 
S and Ty and divided by 10, will furnish the required cor- 
rections, which will be negative in the case of P, R and Tand 
positive in that of Q and S. 

P, Q, R, S, T being computed, other terms of the formulas, 

such for instance as cos. A, tan. A, sec. X sin. X may be 

taken out from a common table of logaritluns. 

When the terms ^iX, are computed, they Avill 

be in seconds and decimals thereof. 

The signs of these terms dependant upon the magnitude of 
the given azimuth A, may be easily taken out from the follow- 
in a; table. 


Terms of the 
Formulae. 

hlagnitude of the given Azimuth A. 

1st Qua- 
drant. 

2nd. 

3rd. 

4th. 

SiX 

— 

. + 

+ 

— 


— 

— 

+ 

+ 


— 

— 

+ 

+ 


— 

— 

— - 

— 

BqL 

+ 

— 

+ 

— 

^2^ 

+ 

— 

+ 



After proper signs have been prefixed to SjX, d^L : — take 
the sums of 2j^X and — of SjZ, and — £^nd of S^A 












425 


and The tlircc sums so obtained v, ill bo the values, the first 

of AX, the second of aL, and tbc last of AA 
Now AX being applied to X, Ai to L, and A^ to (t + A) 
tbo resulting elements will bo X, and L' and A 
By way of illustrating tlio computation of the latitudes, 
longitudes and azimuths of Tr*goJiomctrical Stations wo sub- 
join the following example 

Sheiahngapah deduced from Yemthato 


Stat on A Icmsl aw 
X.=18‘'51’31 00 

A— "8 1 0 ‘3 

Stat on H Sbcralin^pah 

A =73* 1 o2 11 

Lo" c= 5 

P 

Cos^ 

0 

T46j1C25 

6 1346C‘>0 



2 J960G74 

— 394 S'* = — 0 0 34 52 

Q 

bcoX 

Tanil 

'r*99-4090 

0 0239624 

0 515j059 



3 1329447 

— 1358 14 =a — 0 2'* 38 14 

SnX 

T5095IC9 



2 C4216l(i 

— 439 QO = — 0 7 19 00 


ir-38073 



T-gsoG? 

5 134G6 



0 I3S58 

— 1-3S 

s 

0 3'’241 


Cot A 

T 48449 


ZnL 

T'94548 

•t< 0 83 

T 

0->94"2 



0 180^0 

+ I'l 
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O 

/ 

// 



= — 

0 

6 

34*52 


BoX 

= — 



1*38 


A X 

= — 

0 

6 

35*90 


X 

= 

IS 

51 

31*00 


X' 

= 

18 

44 

55*10 

Deduced Latitude of Sbevalingapah. 

BJ. 


0 

22 

38*14 


B^L 

= + 



0*88 


AL 



0 22 

37*26 


L 

= 

78 

1 

0*79 


U 

== 

77- 

38 

23*53 

Deduced Longitude of Shevalin- 






gapah. 

ByA 

— — 

0 

7 

19.00 


BgA 

= + 



1*51 


aA 

s= 

0 

7 

17*49 


TT 4“ A 

= 

253 

1 

52*11 

* 

B 

— 

252 

54 

34*62 

Deduced Azimutb of Yemsbaw from 


Shevalingapali. 


AVlien a point is determined by a triangle, it onglit to bare 
t^^m deductions of latitude, longitude and azimutb derived from 
tbe stations defining tbe base of tbe triangle. For instance, 
referring to triangle at page 418, Teanagopali may be computed 
from Yemsbavr, as V'ell as from Sbevalingapab. In tbe Great 
Trigonometrical Smvey, it is tbe mvariable practice to go 
tbrougb tbe two deductions and compare tbe results, wbicb 
when tbe two computations are correctly executed, will be 
identical. 
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Table exhibiting the Logarithmic ralues ofP, Q, It, S and T, heticecn theraralUh qf 
of Latitude 


X 1 r 1 

Dift 

Q 

Di£E 

B 

Diff 

s 

Diff 

T 

Diir 

I8‘ 0'*^ 
10 
20 
30 
40 
50 

10 0 
10 
20 
30 
40 
50 

20 0 
10 
20 
30 
40 
50 
21 C 
10 
20 
30 
40 
50 

1C 

3C 

s 

23 0 
10 
20 
30 
40 
50 

24 C 
1C 
2C 
3C 
4( 
5( 

25 ( 
1( 
2 

3 

4 
5« 

23 

1 

21 

3 

4 

5< 

■•OOC2818 

2743 

2G70 

2593 

2518 

2441 

“09G23G5 

2287 

2209 

2128 

2049 

1009 

"•9901888 

1807 

1725 

1G45 

1501 

1477 

T9001393 

1309 

1234 

1138 

1053 

0004 

Toogosso 

0700 
0703 
OG13 
0523 
0135 
T-99G0344 
0253 
0103 
0070 
1 9959077 
9885 
“•0959791 
0098 
9G03 
0507 
0411 
0317 
“■0959221 
012^ 
0020 
8929 
8S31 
^ 8734 

T “■9958C3<] 
P 8534 

P 8434 

P 8333 

0 8234 

P 8132 

—75 

73 

77 

75 

77 
70 

78 
78 
81 
70 
80 
81 

81 

82 

80 

84 

84 

84 

84 

85 
80 
85 
80 

87 

00 

0( 

8^ 

01 

01 

01 

0- 

0. 

0. 

0 

.K 

Ov 

9( 

9( 

04 

9( 

9( 

V 

0 

0 

9 

9 
10* 
ICM 

10 
0! 

10^ 

10 

'0973831 

3881 

3920 

3081 

4031 

4082 

r-0974133 

4185 

4237 

4291 

4344 

4397 

r-9974451 

4505 

45G0 

4G13 

4009 

4725 

r0974781 

4837 

4894 

4051 

5008 

8007 

"•9075123 

5183 

5241 

5301 

5301 

5420 

r-9075480 

5541 

5002 

5003 
5725 
578G 

r-9975849 
5911 
5974 
C036 
6103 
G1G5 
r-907C229 
G293 
C359 
0423 
6489 
6551 
r-997CC19 
, CC87 

C754 

. 6821 

•. 6887 

; C055 

f50 

48 

62 

60 

61 

61 

62 

62 

64 

63 
53 

64 

64 

65 
63 
£G 
6f 
6G 

67 

67 

69 

6C 

60 

6<» 

CO 

GO 

69 

CO 

01 

G1 

01 

02 

Cl 

03 

02 

03 
01 
05 
02 

04 
04 
Of 

04 
CC 

05 

c: 

if 

O' 

O’ 

C( 

C( 

Ct 

838083 

82 

81 

80 

80 

79 

8-38078 

77 

77 

70 
75 
74 

6 36073 
73 
72 

71 
70 
CD 

^-oeocs 

08 

07 

00 

05 

04 

838003 

03 

02 

01 

CO 

60 

a-ceoss 

57 

50 
55 
54 
Ki 

B-08052 

51 
51 
50 
49 
46 

808047 

40 

45 

44 

43 

42 

eoeoii 

40 

89 

38 

37 

36 

— 1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 32021 
0G2 
104 
147 
100 
234 
0-32277 
322 
3GC 
411 
457 
503 
032549 
590 
043 
690 
738 
787 
03283C 
885 
03o 
985 
033035 
086 
035138 
100 

204 
348 
401 
033455 
610 
5G5 
C20 
C7G 
732 
033788 
840 
903 
OCl 
4020 
078 
0 34136 
197 
2o8 
318 
380 
441 
031503 
5{rf5 
C29 
092 
750 
820 

+41 

42 

43 

43 

44 

43 

45 

44 

45 
40 
40 
40 
47 
47 

47 

48 

49 

49 
40 

50 
50 
50 
61 

62 

62 

52 

54 

53 

r* 

55 

55 

55 

5C 

5C 

6C 

58 

58 

59 

58 
CO 

59 
Cl 
CO 
02 
Cl 
C2 
03 
03 

03 
C> 

04 
Ox 

0-25077 

4757 

4440 

4128 

3821 

3518 

0 23218 
2922 
2G29 
2341 
2057 
1770 
031499 
1224 
0054 
0C88 
0424 
0104 

0 10900 
9053 
0402 
9165 
8911 

eco8 

0 18431 
6195 
7003 
7732 
7600 
7282 

0 170C1 
0842 
CC20 
G412 
0202 
5994 

0 157R7 
6585 
5384 
5180 
4900 
4700 
014C05 
4410 
4230 
4045 
3803 
3C83 

0 13565 
3330 
3150 
298.5 
2815 
2049 

—320 

317 

312 

307 

303 

301 

29( 

293 

238 

284 

281 

277 

275 

270 

2Cf 

2G4 

200 

258 

253 

251 

247 

244 

243 

237 

23C 

2J2 

231 

220 

224 

221 

219 

21C 

214 

010 

208 

207 

202 

201 

lO'i 

19C 

194 

191 

189 

180 

185 

182 

160 

178 

175 

174 

171 

170 

ICC 

1G7 



428 


TaVlc exhibiting the Logarithmic valves of P, Q, P, S and T, between the parallels of 
18° a7ul 35° of Latitude. — ( Contimied.) 


3-9958030 


3-9957411 


3-9956778 


3-9956128 


3-9955468 


3-9954796 


Q D 


T-9977023 

7090 

7159 

7228 

7291 

7365 

T-9977435 

7505 

7575 

7646 

7716 

7787 

T-9977857 

7929 

8000 

8073 

8145 

8218 

r-9978291 

8363 

8436 

8509 

8582 

8656 


E biif. S. biffil T Diff. 


88 

!04 

ton 

OC 

8£ 

5oU 1 

154 


z 3 

91 

r ■■ 

1 yy/yi 
92 

/ a 

!55 

93 


94 


94 

:83 

O'! 

,59 


1 

v7/ 

97 

AO 

90 1 

98 

167 

9£ 

144 


122 



HHr 


02 

156 

Kg 




04 

92 

1-9980571 


8-38035 

34 

33 

32 

31 

30 

8-38029 

28 

27 

25 

24 

23 

8-38022 

21 

20 

19 

18 

17 

8-38016 

16 

14 

13 

11 

10 

8-38009 

08 

07 

06 

05 

04 

8-38002 

01 

00 

8-37999 

98 

97 

8-37996 

94 

93 

92 

91 

90 

^37989 

87 

86 

85 

84 

83 

8-37982 


0-34885 
950 
0-35016 
082 
149 
216 
0-35284 
352 
420 
490 
559 
629 
0-35700 
771 
842 
914 
986 
0-36059 
0-36133 
207 
281 
356 
431 
507 
0-36584 
661 
738 
816 
894 
973 
0-37053 
133 
213 
294 
376 
458 
0-37540 
023 
707 
791 
876 
961 
0-38047 
133 
220 
307 
395 ' 
483 
0-38572 


0-12482 

2319 

2168 

1998 

1840 

1685 



0-10645 

0504 

0364 

0226 

0-10090 

0-09955 

0-09822 

9690 

9560 

9431 

9304 

9179 

0-09055 

8933 

8812 

8692 

8573 

8457 

0-08342 

8228 

8115 

8004 

7894 

7786 

0-07679 

7573 

7408 

7364 

7202 

7161 

0-07062 

6963 

0866 

6770 

0675 

6581 

0-06488 




















CH2\JPTER XIX. 


On the CoMroTATiON OP Heights. 

To compute the difference of lieight between two Trigono- 
metrical Stations, the elements required arc derived partly 
from observation, and partly from previous computation. Of 
the former class, arc the vertical angles taken at one or both 
the stations, and the heights of the instrument and of the signals 
used. Of the latter class, are the distance at the sea level 
between the two stations, and the elevation of one of tlioso sta- 
tions above tbc same Icvch 

Tho observation of a vertical anglo is thus made: tho 
Tlioodollto being placed over tho centre of the eye station 
and properly levelled, an intersection is taken to tho signal at 
the object station. Tho micrometers or verniers to the vorti- 
cal circle, arc now read off: the mean whereof constitutes one 
ohscn'ation on one face. The telescope is now turned round 
180® vertically as well as horizontally, and the same signal is 
intersected a second time. The vertical limb being then 
read off as before, wc have the second observation on tho 
opposite face. Tho mean of the two ohscivations made on 
reversed faces will furnish, cleared of index and collimation 
error, the elevation or tho depression at which the signal 
stands, as seen from the eye station, 

^Vhen a vertical anglo is observed, the time of tho ohscn'a- 
tion as well as the heights of tho instrument and of the signal 
arc noted in the Vertical Angle Book, a specimen of which is 
subjoined. 



SPECIMEN OF THE VERTICAL ANGLE BOOK. 
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By way of distinction the station whose height is given may 
bo called the station A, the other whose altitude is required 
being styled the station B. It is also necessary to premise at 
this place that in the phraseology of the Trigonometrical 
Survey the distances at the sea level, such as those derived 
from a Trigonometrical operation, are called geodetic distances. 

Certain preliminary considerations must now be attended to 
before the computation of height can be taken in hand. In 
the first place, the given geodetic distance will require to bo 
converted into seconds. ^Vhen this operation is performed, 
the resulting clement is called tlio contained arc. The pre- 
cept for making this deduction is as follows: — Add toge- 
ther tho logarithm of the geodetic distance in feet, and the 
constant logaiithm 3'9935154, the natural number answering 
to the sum, is the contained arc in seconds. 

Example. 

Take the (tistanco from Venuliair to Sberahng^pab page 418 


LogariUimofthe distance tafeet, 6 ISlOG^O 

Constant Log ^00351M 

Contained Are » 1313' Log , S 1S81774 


Again tho geodetic distance as it stands cannot bo employed 
in tho computation of height; it will require to bo reduced to 
the level of station A. The formula given at page 390 could bo 
easily altered to furnish this result, but as the logarithm of 
the distance is made use of in the computation, it is oh^•iously 
moro convenient to correct that terra at once, w liich may bo 
clTccted in tho following manner: — 

To the logarltlim of tho height in feet of station A above the 
sea lc\el, add tho constant logarithm 8*3168740, tho natural 
number answering to the sum, carried to 7 places of decimah 
is tho logarithmic correction required. 

Example. 

Height of kcmshawaboTc the sea level, 1403 3 feet, Log , 3 IC.i.'W.II 
Constant Log,H 3tC«ri<l 

LogonUinuc conrcUon, O-OOOOSOl Log, !! 
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The logarithmic correction added to the logarithm of the 
geodetic distance, gives the logarithm of the distance at the 
level of station A. 

Tims, 5‘1346G20 ■) r-i^jrooi distance from Yemsliaw to 

+ 0‘0000304 j ~ < Slievnlingnpah at the level of the former. 

Again, that the computed height of a station may he avail- 
able for any required use in future, it is necessary to refer 
that element to a permanent mark belonging to the station. In 
the Great Trigonometrical Survey of India, the upper station 
dot is taken as the point of reference. But the instrument 
•with which the vertical angle is talcen, as well as the signal 
observed, being elevated aboA'e that dot, it follows that the 
observed ano-le will stand in need of two corrections, of which 
the one arismg from the height of the instriunent or eye, is 
called the eye correction, while the other proceeding from the 
elevation of the signal or object observed, is styled the object 
correction. 

The rules by which the corrections abovementioned may be 
computed are as follows ; 

To compute the eye correction . — ^Add together the logarithm 
of the height of the eye in inches, the arithmetical complement 
of the logarithm of the distance in feet at the level of station A, 
and the constant logarithm 4*2352439, the natural number 
answering to the sum is the correctioir in seconds, additive 
to an. elevation, and subtractive from a depression. 

EXjVMPIiE. 

Hei^lit of tlie Instrxtment nt SlieTaling-apali C2’4 inclies,. . . . Log’., 1‘7951S46 


A. C. of Log., of distance at the level of Yemsbavr, 4'S653076 

Constant Log., 4-235243D 

/; 

Eye correction, — 7‘S7. 0-S9573C1 


To compute the object correcUon . — Add together the loga- 
rithm of the height of the object in inches, the arithmetical 
complement of the logarithm of the distance in feet at the level 
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of station A, and tlic constant logarithm 4 2352439, the natural 
number answering to the sum is the correction in seconds, 
addltl^o to a depression, and subtractive from an elcaation 

Exauple 

lie ffht of the 8 pnal at \emshaw 2"8 inches I/*?* 1 3r~0518 

A C of Log of d stance at the level of \emshaw 4 8Go30 C 

Constant Lo^ 4'23o'’439 


Object correct on -4* 2 87 


Log- , 0 4531863 


When the observed \crbcal angle, his received the eye and 
object corrections, the points to which it becomes rofemblo, are 
the upper station dots Tlio vertical angle so reduced is called 
the apparent vertical arc 

Example 

Observed Vert cal Angle at Sheval ngapah U 0 15 2o 24 

Eje correction •— 7 87 

Object correction, + 2 87 


Apparent Vertical Arc at Sheroliagapab 0 lo 20 24 

The problem of the computation of heights may he divided 
into the two following cases — first, when v crtical angles have 
been observed at the two stations A and B, and secondl} , when 
a vertical angle has been taken at one of the stations onl) 
Wo will now proceed to treat of the first case 

After the obsen ed v ortical angles at tlie two stations A and 
B have been reduced into apparent vertical arcs, an auxiliary 
angle, called the subtended angle, will next require to be com- 
puted, which IS done in this waj When both the apparent 
arcs arc depressions, take half the difference when one only 
IS an elevation, take half the sum the result m either case is 
the subtended angle required. 

Example 

Apparent V erheal Arc at PhemliDgapah 0 15 eo-"4 

D fto d tto stlcnuhair, JD 0 4 8-32 

Subtended Angle 0 5 06 0 


Bv the aid of tbo subtended angle derived as directed above, 
the dificrcnce of height between the two stations is easily ’ 

3 n 
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ducible in tlie following inamier. To tlie logarithmic sino of 
the subtended angle, add the log. secant of the vertical arc 
taken at station and the logarithm of the distance at the level 
of station A, the natui’al number answering to the sum, is the 
required difference of height between the two stations. 

Exampi.1;. 

o r n 

Subtended Ang-le, 0 5 36 Log*. Sin., 7‘2119140 

Apparent Vertical Arc at Sheraling'apab D 0 15 20 Log'. Sec., 0'0000013 

Distance in feet at the level of YcmsJtatv, Log., 5'1346924 

Required dificreneo of height in feet, 222*1 Log., 2-3466107 

Connected with the computation of heights is the important 
subject of terrestrial refraction ; it is evident that eveiy ver- 
tical angle observed is affected with that inequality. Its gene- 
ral effect is to raise an object above its true position; when two 
observed vertical angles are made use of in the computation of - 
a height, although these angles are individually impregnated 
with refraction, they produce a result which is entmely free 
from that inequality. This arises from the peculiar combuia- - 
tion of the observed vertical angles in the deduction of the 
subtended angle, whereby the refraction in one angle, is can- 
celled by that in the other. 

There is, however, only one condition required to produce 
this caucelment, namely, an equality of the amounts of refrac- 
tion in the two observed vertical angles. That this equality 
may obtain in practice, vertical angle observations at the reci- 
procal stations should be made under as nearlj’- as possible the 
same atmospheric conditions. Wheif two observers and two 
instruments are available, they are best taken simultaneously, 
but in cases in which this cannot be resorted to, the observa- 
tions ought to be made contemporaneously, that is, at the 
same time on different days, these days being separated by 
as small an interval as possible. 

Experience has shewn that the best tune for observing a set 
of vertical angles is between the hours of 2f and 3f from ap- 
parent noon. When vertical angles have been taken with due 
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icgard to the conditions above specified, the precepts ^^lleleby 
the amount of refraction m\olvcd in them, maj be computed, 
ore as follon s 

Take the sum of the rcciprocil apparent ^ertlcal arcs 
vhen thej are both depressions, or tlicir difference 'i\hcn 
one IS an cle\ation, subtract the sura or dificrcnce so deii\cd 
from the contained arc, half the remainder is the amount of 
terrestrial refraction required 

ExAJirtE 


Apparent ^ crticnl Vre at Sbcml n^pali JO 0 1 j JO 04 

Ditto ditto nt Icni'Lan’, DO 4 8 32 

^VhlcII bcinj bolli depressions are added together and tbclr 
emu m eeeon Is is, UCO 

Contained arc in seconds, 1043 

Half the difference or terrestrial refraction 87 

It IS a practice uitli the geodetic writers to c\pioss the 


refraction m decimals of the contained arc, this reduction may 
ho performed as follows 

Reduce the terrestrial refraction and the contained arc to 
seconds, dnidc the former by tbc latter, the quotient is tlio 
\aluc of the terrestrial rcfi action in the decimals of the eon- 
tamed arc. 

Example 

Thus in the ease of \emsbair and SI cralmgapab the refraction being 87", 
g-* 

and tlio contained arc ISIS*, vc •hall have “ 0C< , fertile valic of tl o 
refraction In dccimald of the contained arc 

It now remains to explain Case 2nd, or the method of com- 
puting the difTeiencc of heights between tuo stations from a 
■\ crtical angle taken at one of them onl} The observ ctl \ er- 
i tical angle being corrected for the heights of the instrument 
and signal, as it ell as for refraction,* a\c shall haac tlic aalue 

• TlicTean. no tiled rules for Tirrcstnal refraction but it fs gmerallr t iLcn at 

of tbi. contained arc 
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of the vertical angle^ as if it vere talien in vacuo at the 
station of observation. 

Now the contained arc is equal to the sum of the two ver- 
tical angles in vacuo, when they are both depressions, or to 
the diflcrencc between them when one is an elevation, Avhich 
relation gives the following simiDle precepts for comput- 
ing tlie vertical angle in vacuo, at the object station. When 
the A'crtical angle in vacuo at the eye station is a depression, 
talce the difference between it and the contained arc : wlien it 
is an elevation take their sum, the resulting element in either 
case, is the vertical angle in vacuo at the object station. 

To determine whether the last deduced vertical angle is an 
elevation or a depression, the considerations which will require 
to be attended to, are three in number and they are as 
follows : 

First, when the vertical angle in vacuo at the eye station is 
a depression, and less than the contained arc ; second, when it 
is a depression and greater than the contained arc ; and thu'd, 
when it is an elevation. 

In the first and third cases, the resulting vertical angle 
at the object station is a depression, and in the second, it is 
an elevation. 

I-Iaving obtained the two vertical angles in vacuo, treat them 
as if they were apparent vertical arcs, and deduce therefrom 
the subtended angle, and the difference of height, as in 
Case 1st. To exemplify this computation, take the deduction 
of Himalaya snowy peak a from Amsot Hill station : 


oil! 

Observed vertical ang-le at Amsot, T! 2 20 45‘93 

Eye correction, -p 3*12 

Object correction is evanescent, the top of the peak being- 

observed, O'OO 

Refraction taken at of contained arc, — 3 49-26 


Vertical ang-le in vacuo at Amsot, ^ 2 16 59-79 

Which being- an elevation, Tvill require to be aug-mented 
by tlie contained arc, 0 57 18-90 

Vertical angle in vacuo at snowy peak a J) 3 14 lS-69 
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CI-IAPTEE XX. 


Oi^' Minor Triangulation, and the same as applied 
TO THE Ray Trace System, for carrying on Topo- 
graphical Surveys. 

After having explained the approved principies of obser- 
vation and computation, as generally practised in a Trigonome- 
trical Survey, we will now proceed to shew their ap23lication 
to the detail survey of a district. 

The primary triangles of a Topographical Survey may he 
thrown into the form of a network as shewn in Fig. 1, or into 
that of a gridiron exhibited in Fig. 2. Plate 7 B. Of these 
two forms the gridiron is preferable to the network, in the first 
place, because it contains a smaller number of triangles and is 
more scientific ; and secondly, because it is susceptible of a 
more systematic deduction than the other. This mode of 
distribution however, will be found more difficult in most 
hilly comitries than the common network, and occupy a longer 
time than is generally allotted to Topograj^hical Surveyors, 
but whatever form may be given to the lU'imary triangles 
of a To2)Ographical Survey, there is one condition, namely, 
that of symmetry, which ought to be strictly adhered to 
in their selection. In no case should a triangle of a primary 
character be admitted, any of whose angles falls short of 30° 
or exceeds 90° as before stated at page 393. 

The sides of these primary triangles should average be- 
tween two and five miles, and the best instrument for execut- 
ing this description of work is a 12-inch Theodolite. The 
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throo 'ingles of 'i prnmry triangle ouglit in c\oi*y instance to 
be observed, c^c^J• angle being measured on tivo zcios 0® 
and 30® v,itli their ^c^ersed faces os before desenbed As to 
computation, these triangles ma^ be treated, as plane, the 
spherical excess being mtlicir case, an unapprcciable quantity, 
the angles used, being taken to the nearest second 

"With due regard to these precautions, the primary tnangula- 
tipn of adistiict being evccutcd, the next thing to be taken in 
liand IS the collection of the Topographical details, uliich may 
be done in the following manner 

If the point a: Plate 7 B which uo shall suppose to be the site 
of a village, be observed from two primary stations A and J3, 
wo shall have the triangle ABx giving the position of the last 
mentioned point Again, if z happen to bo observed from 
throo primary stations as A, B, and C, the triangles formed w ill 
bo three in number, namely, 1st ia ABx, 2nd a ACx,QXidL 
3rd ^ BCx Now, here are thico distances Ax, Bx and Cx, 
which arc respectively possessed of two values, the first being 
denaed from c»s 1 and 2, the second from as 1 and 3, and 
the third from as 2 and 3 These double aalues being com- 
pared, the discrepancies (if any) will indicato the amount of 
confidence to be attached to the result. 

The point x fixed in the way described above is called an 
intersected point Tor the reasons already stated, a point of 
this kind should ho determined whenever it is practicable, by 
two inaqgles yx)ssessir\g a common side 
In tho case of tlie intersected points, the symmetry of t!ic 
tnanglcs cannot be so rigorously attended to as in the in- 
stance of the primary stations, because such points must be 
observed from wlicrevcr they arc aisiblc Here, however, 
a small error m a given position would be attended with no 
inconv enicnco, as it would not extend bey ond tlio site to w Inch 
It appertains It has been found, m practice, that tnanglcs 
whose angles range between 15® and 150® furnish tmst- 
worthy results Ihc angles to intersected points should Ic 
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observed on zero 0® and on ils reversed face, tlie observation 
in each case being repeated twice to check the readings of the 
instrument as well as the record thereof. 

vSome attention must bo paid to the signals used: — ^if they are 
large undefined objects, as whole bodies of villages, &c., they 
will be unsusceptible of accurate intersection, and will there- 
fore produce discordant results. The kalus of a mosque, 
or' of a temple, church spire, tops of columns, &c., form 
good objects for intersection, but these are seldom to be met 
with, and in their absence flags may be used, which may 
either be placed on the ground, or fastened to tops of high 
trees, as may be convenient Tree flags have been tried in 
the Great Trigonometrical Survey and found to answer 
well. 

It is clear that most of the villages in a district, as well as all 
the prominent marks on the boundary line, could be laid down 
as intersected points: the few villages that cannot be so 
determined, may be fi^ed by a measured angle and distance 
from a primary station. The sides of the secondary triangles 
should be carried as near the boundary of the subdivision 
or pergunnah circuits as possible, in cases where a Revenue 
Survey is required, but this of course will depend on the 
natural features of the country. On any of the sides of 
these, the Plane Table and Gross Staff is applied and the in- 
tervals are filled up by sketching, and a series of perpendicu- 
lar lines are thus made to traverse the Topographical details. 
The more minutely the triangiilation has been carried on, 
the easier and more coivect will be the interior filling up, 
whether entirely by measurement with the Chain, or only 
partially so, and the remainder completed by sketching. The 
Plane Table is the best contrivance for this purpose, and the 
process of sketching between the fixed points plotted on the 
paper, is similar to surveying with the Chain and Theodolite 
as far as the natural and artificial boundaries are concerned^ 
Every thing being at once drawn on the paper ' instead of 
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being entered in a Fieldbook, the features of the ground 
arc sketched at the same time as the boundaries and other 
details. Tliis part of tiio operation^ however, requires much 
practice before any tiling like facility of execution can be 
acquired. 

Tiio Plano.Tablo is made in a variety of ways, but to 
render it really useful it should be reduced to the most simple 
state possible, and as light as can be consistent with strength 
and steadiness. The English mannfacturo with the box-wood 
scale frame, as described at page 115, is quite unsuited to the 
heat and hot winds of this climate; they warp, and go to pieces 
immediately, but the pattern now in use, as made up in the 
ilathematical Instrument Department, Calcutta, of the best 
seasoned teak wood, is a simple square board, without any 
sliifting frame, with the fiducial edgo ruler of ebony clamped 
with brass, the Sight, being affixed at each end, and compass 
box sliding underneath, of the same metal, the Table fixing 
on the braced tripod stand, by means of a clamping screw 
under it 

Every two points of a Survey, whatever objects may be 
between them, will in fact bo the extremities of a base equally 
true as if it had been actually measured; and the Table being 
placed on such points, and adjusted by means of the legs, and 
the needle, which answers instead of a level, where the 
greatest accuracy in fixing the instrument hori/ontally is not 
reguired, wc obtain intersections to all olyccts of which it may 
he necessary to find the place. This is done by placing the 
leg of a pair of compasses upon the station and the edge of 
the ruler in contact with it, turning the ruler as upon a pivot, 
until the object to be intersected is seen along its edge, and 
then drawing a fine lino by the same edge. This being done 
from three difierent places, will be found very exact in most 
cases, although there is in strictness, an error of the same kind 
as that mentioned in treating of the Theodolite, when it is not 

3 1 
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exactly over a station : but tliis nicet}’- is of little consequence^ 
for tlic Table, being but small, tlic (lilTcrcncc occasioned by 
tlic eccentricity of tlic instrument, can never inalcc many 
indies error in tlic position of an object, and upon almost 
all scales in common use, tins magnitude is but a mere 
point. Tims ivc may join up any unfinislicd lines, that 
v'crc left in surveying to avoid short stations, or for other 
reasons. 

AVlicn the method of surveying the interior details is 
rigidly carried out, there is nothing left to be sketched in, 
except the contours of the ground ivhich do not present 
marked features to ivliich measurement can be applied. 
Tlie comparative heights, however, obtained by levelling 
with the Theodolite during the Survey, present so many 
certain points of reference as to the relative command of the 
ground, and ai’c of course of the greatest assistance in the 
subsequent delineation of the features upon the outline plan. 
When the inequalities of the surface of any particular por- 
tions, require to be shown more in detail, recourse must 
be had to a regular process of Levelling and Contour- 
ing, both of wliich subjects are treated of in separate 
Chapters. 

With a view of adapting the triangulation of a district 
convenient for this purpose, suppose a scries of principal 
triangles of the Great Trigonometrical Survey to have been 
carried through a district, it is evident that the sides of those 
triangles ranging from ten to twenty miles, cannot as they 
stand be immediately made use of in a Topographical Survey, 
in which bases of two to five miles only are required. To 
resolve therefore a side of a principal triangle into a conve- 
nient number of small distances of the required lengths, 
the Ray Trace System by minor triangulation may be resort- 
ed to, with great advantage. We will now proceed to ex- 
plain the method. 
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Ivct S and -S' be tn*o stations of the 
Trigonometrical Snn'cy. Taking S as 
an origin, select a scries of small trian- 
gles along the given line SS' until tlic 
otlicr extremity S' is reached, and is 
connected therewith j these triangles 
must bo treated as primary triangles 
of a detail operation. Their computation 
may be performed as follows ; on refer- 
ence to the diagram it will be seen that 
there arc two lines S<r' and S(r" con- 
nected with ^ho origin S, assuming 
either of these as unity, the remaining 
sides of the triangulation may be de- 
duced in terms thereof. 

It is evident that if the whole distance SS' can bo obtain- 
ed in terms of the same measure, the deduction of tho true 
values of tho sides of tho minor triangulation may bo easily 
.cfll'cted by tho following rules of proportion: 

As the hypothetical value of the lino SS' (p). 

: Tho true trigonometrical value thereof (li). 

: : The hj’pothctical value of tho side. 

: Its corresponding trigonometrical lengtli. 

To determine the hypothetical value of the side SS* the method 
of computation explained at pp. 374 to 377 will require to 
be resorted to. Take tho series of sites on the right or left 
flank of tho minor triangulation as may be convenient, and 
consider them as the stations of a Route Survey. The 
elements which will be required for the deduction of either of 
the flanking lines taken as a route arc the distances and anglcs- 
Thc distances to he used arc tho h}'pothctical distances 
derived as described above on the assumption of one of the 
two first sides of the minor triangulation taken as unity. 

The angle at .any site of the minor triangulation taken as 
a Route Survey Point, is determined in this way. Suppose 
an observer to bo placed at the given ’ ‘'-o ■ 
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direction of tlie rear Station, let him turn round to\Yards 
his right until he faces the point in advance ; the horizontal 
arc ■which liis C 3 'e -will describe during this operation 
is that •which ■will he required in the Ray Trace deduction. 
A reference to the sketch of the minor triangulation, -will 
indicate the process of deriving the arc from the angles of the 
primary triangles. The onl}' circumstance to he attended to 
in this computation is, that the angles used, must he those 
wliich have hcen adjusted to 180°. 

Computing the arcs ahovementioned for the several sites 
on the right or left flank, (as the case may he) of the minor 
tidangulatlon, and calling them in the order in which they stand 
Zs ©1, ©2, ©3 of the Route Survey, deduce there- 

from the angles for computation A, B, C ... as detailed in 
Chapter 15. 

With these angles for computation and the h}q)othetical 

distances, the co-ordinates x' x" x" and also y', y", y'" 

being deduced, the whole line SS' may he derived in 

terms of the first side of the minor triangulation. 

The hy^pothetical value of the line SS' being determined 
and its true value having been previously derived from the 
Trigonometrical Survey, the true lengths of the sides of the 
minor triangulation can he ascertained by the rule of propor- 
tion given before. 

The angles 0 and 6' of p. 377 derived from this computation, 
are useful in determining the azimuths of the first and last 
sides of the minor triangulation. Tor instance, the azimuth 
of the line Scr' = A — 0, A being the azimutli of S' from S. 
Similarly calling B the back azimuth of S from 6", the 
azimuth of the last line will be B — 6'. With these azimuths, 
the geographical position of S and S' being given, the lati- 
tudes and longitudes of the stations of the minor triangulation 
may be deduced. 

To illustrate the computation of a Ray Trace by minor 
triangulation take the following example from the Report of 
the Great Trigonometrical Surve}^ of India. 
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Tracing of Hay Dahera to Nojhili by STtnar Triangulalion executed by Habu Jiadba^ 
nnth ^itcMTiar, Sub-Atsi$tanl Great Trigonometrical Surrey, Kith a 12-t»ifA 
Theodolite qf the Eaet India Company* Pattern, in the year I&IO 


ipahen to lUniundi— njpotlietieAl Dist Log 00000000 Tfuo Dist infe«tZ<og 401iS5Cl 



to Station 3— ITjpoththcal Pwt Log 0-26TO030 Tnio Put in fe#t Loff 4 3^U31 



4| Uarti«n to Labkan— ITTpotlioiieil Put Log OS328CS3 TruaPut infaatLog 43>7S3t3 


e LabVan to Station 4— U7x'°tb«ucal Put Log O-SOl^QTrne Put infaatLog 49161537 


61 0 oc'4- 2-0 

63 4C47 8+ 29 

G9 063 8+ 3-0 

51 6 12* G89n35“j 1 8oC150 
69 4C 511 9 93CoC7J| 1CC9160 
hoc* 

C!> C 57 0 9701378 0-2C7C;G1 

19152 8! 3 C27 
17250 5 3-207 
Lojn I 
4-2822322 


4'23CS00(^ 



Palca cll 


6 1 Station 4 to Paka W«n— nxrotheticnl Put Log O-SSSStU TruaPut mfaatLog 4 236!=<one 
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Names of Stations. 

Ol)sei-\"ed 

Ang-les. 

■ g ° 

t: fl £ 
o <a S 

|5« 

Corrected 

Ang-les. 

Log-. 

Sines. 

Hypothe- 
tical Dis- 
tances. 

True Distances 
in 

Feet. 

Miles. 

No. 8 

rirer to P.aiiiari— Hj-potbctieal Dist. Log. 0-1741409 True Dist. in feet Log. 4-18SG970. 

Pircr, 

Paniarij 

/*■ 

]\Ih-pur, 

0 f II 

53 20.57-5 
70 044-0 

56 23 14-2 

+ 1-4 
-4- 1-5 

+ 1-4 

53 20 5S 
70 9 45 

50 23 16 

' 

9-9048965 

9-9734322 

9-9205424 

1-68607S 

l-440i3C 

17441 -C 
14895-4 

3-303 

2-821 

Log's. 

0-2270307 

0-1584950 

Log’s. 

4-241586S 

4-1730511 

170 5055-7 

-f 4-3j ISO 0 0 

m 

Paniari to Mirpur — Il 3 -poflietical Dist. Log. 0-1631950 True Dist. in feet Log. 4-1730311. 

Paniari, 

IVIirpur, 

Station 5, 

65 2422-5 
60 27 4-7 

54 826-8 

1 

65 24 24 
60 27 7 

54 8 29 

9-9586908 

9-9394905 

9-9087343 

1-546149 

1-616071 

15988-5 

16711-5 

3-028 

3-1C5 

Logs. 

0-1892512 

0-2084005 

Log’s. 

4-2038073 

4-2230166 




10 

Mirpur to Station 6— H^otlictical Dist. Log. 0-2031G05 True Dist. in feet Log. 4-2230166. 

JUirpiir, 

Station 5, 

•• •• 

69 434,5-7 
05 34 10-3 

44 41 52-5 

+ 1-9 
+ 1-S 

+ 1-8 

09 43 48 
65 34 18 

44 41 54 

9-9722355 

9-9592701 

9-8471863 

Mi 

2 1 63-3-2 
22287-7 

4-097 

4.221 



179 59 54-5 

+ 4-5 

180 0 0 

r 11 

Station 5 to Subri — Hxpothetical Dist. Log. 0*3335097 True Dist. in feet Log. 4!*34'30G58. | 

Station 5, 

.Sii]in-i, 

Nojliili, 


+ 4-9 
4 - 4-8 

4 - 4-9 

56 59 24 
40 54 47 

76 5 49 

9-9235422 

9-8635120 

9-9870807 

1-621567 

1-861938 

1C76S-4 

19254-0 

3-176 

3-647 

■ 

Log’S. 
4-224491 1 
4-2845213 

179 5945-4j 

4-14-6 

180 0 0 


TYPE OF CALCULATION OF BAY DAHERA TO NOJHILI. 



Distances. 


Angles. 


Dnhera to Station 3, 

... a = 1-451905 


O 

/ 


Station 3 to Labkari, 

... 0 = 1-722677 

At Station 3, 

... ©1 = 121 

65 

'6 

Labkari to Paka Well, ... 

... d = 1-852150 

„ Labk.ari, ... ... 

... ©2 = 179 

62 

53 

Pa]c.a Well to Paniari, ... 

... c = 1-819305 

,, Paka Well, 

... ©3 = 177 

20 

7 

Paniari to Station 6, 

...d = 1-646149 

„ Paniari, 

... ©4 = 192 

64 

37 

Station 5 to Nojbili, 

... e = 1-G21667 

,j Station 5, 

... ©5 = 17G 

42 

11 


tience the angles for computation are as follows: 


^ = 121 65 6 0,1, o , „ 

JS = ( 121 55 6 + 179 63 63 - tt ) = 121 47 63 

C =( 121 47 68 + 177 26 7 - tt ) = 110 14 5 

2» = ( 119 14 5 + 193 64 37 - TT ) = 133 8 43 

jB = (^ 132 8 42 + 17C 42 11 — TT ) = 128 50 63 

A = 121 65 5 Cos. 9-7232141 Sin. 9-9288030 

a = 1-722677 log. 0-2362039 Log. 0-2362039 

—-9594180 ... + 0-9107S9 ' 0-1G30119 ... - 1--1C2217 
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J7 = 121 47 M 

Cos. 

0-7217€7t 

Sin 

0 9:'13C07 


b = I&SJISO 

Log 

0 2<j7C7C1 

Log 

0-2(>7cr61 




T-0594U5 ... ■¥ 0-973090 


0 1070U9 . 

. - 1-571139 

C= 119 14 S 

Cos 

9CK76S3 

Eu). 

0-91i(V«83 


e - 1 810305 

Log 

0 2S9305Q 

Log. 

0-2o09030 




T Ol^CTll + 0-68SS29 


0 2007330 

— 1 657571 

D ss 132 8 42 

Cos 

0 8207291 

Bm 

9 8700813 


if= 1-540119 

Log. 

0 1892SI3 

tog. 

0 1803313 




'oOlGOroO + 1 007490 


0 0303.123 . 

— I'Ii0390 

D « 128 GO S3 

Cos 

0 7074137 

6in. 

9 8011327 


e = 1 (I21S87 

Log. 

0 2009350 


0 2009350 




0 0073S07.. +1-0171 10 


01013677 ; 

— 1 282990 


Earn of Direct Co^nlutatcs, 
Eun of Direct Co-ordiiiatesi 

finaj of Perpr. Co^rdinafej, 


fl-231629 SomofPerpr. C<M)rdt*. 
€291823 Log 0 7090801 


A C 

70M215 Log 
^ ' " (Tw 

0= - « 13 «5|3 
Em of Direct Co<ordiAitcs, cs €291923 


0 2010130 
0-817JS50 


0 17€1320 
0-7090901 


(.Sec 
Log 

NojhiU to Dklierft by Ray Traeo CoBimlatwii, Log, o 0719191 
Ditto by Tngocometneal Sarny, Log. 4 0900741 
CoostutLog ofCoiTectioa, ioitsw) 

Tills constant logarithm added to the logarithms of.tho dis- 
tances derived from the Ray Trace Computation, will furnish 
the logarithms of the same distances, in terms of the unit of 
the Trigonometrical Survey. 

O' Cctaputttl. 


Trom which tieiluct C or last 
for Computabon, j 

(y^ 


231 4C 22 3 
13^ 00 630 


I>fJwffion </rt« Azimuiki. 

At Dilicra, Azimuth of Xojhni .,..A= 10051 40-9 

0 “ — 48 >3 47-5 
AnmuthofStati<m3,{A— 0 ) e= 230 5 234 
At Kojhili, Azimuth cf Dohera 


Azimuth of S tatloa 5 (D • 
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A sketch of tlie foregoing Ray Trace^ as well as of two 
others connected therewith, completing a jorincipal triangle of 
the Great Trigonometrical Survey is given in plate VII A. On 
reference to this sketch it will be perceived that the triangula- 
tion originating from Dahera proceeds along the ray to Nojhili, 
whence it extends in the ray to Godhna and thence returns and 
closes in, at Dahera/ 

Each of these Ray Traces being deduced by an independent 
computation it is evident that the sides whereby these opera- 
tions are connected with one another, will possess double values, 
which when compared will obviously indicate the degree of 
accuracy attained by the work. There are three sides of this 
description belonging to the minor triangulation in the sketch, 
and they ai’c as follows : 

1st. — Nojhili to Station 5. 

Feet. 

167C8’4 Deduced from Ray Dahera to Nojliili. 

1G77I’0 „ Nojhili to Godhna. 

f 

2-6 Error in the Triangulation. 

2nd . — Godhna to Station 10. 

Peet. 

29034'2 Derived from Bay Nojhili to Godhna. 

29034'0 „ „ Godhna to Dahera. 

0’2 Error in the Triangulation. 

Qrd.— Dahera to Barhcn. 

Feet. 

1 8682-6 Deduced from Ray Godhna to Dahera. 

1 8685-7 „ „ Dahera to Nojhili. 

3’1 EiTor in the Triangulation. 


It will be seen that the primary triangles appertaining to the 
three Ray Traces are 32 in number. Taken by themselves, 
they are of no value, as they furnish little or no topogra- 
phical information: they become valuable only, when they are 
made the basis for laying down \dllage sites and other geogra- 
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plucftl points of A^liich tbe number tlctcrmincd by tljo trian- 
gulation under consideration is 190, and from tho sides 
of these triangles, as bases, any description of Tlicodolitc 
and Chain, Plano Table, or Compass Surveying according to 
tho ordinary method, may emanate for the perfection of tho 
general details. 

Llany of these points arc fi^cd by tn o, some by three, and 
a few again by so inanj' as four triangles. The common sides 
presented by this process never exhibit a discrepancy, exceed- 
ing a foot per mile. 

Wo will conclude this chapter by giving the computation of 
a village site fixed by three independent triangles. 


V,. Name's of 

StafioHs 

Iiitorsoctcd Objects 

Angles for 
Computa* 
tion 

Lop 

Sinis 

Distances in 
Tcct 1 ]SIllC8 

Pamari to Mirpitr s IA995 4 feet Lo^f 4*1730511 jl/i/«2821 8^ 

runiari 

Mirpur 

Sidhanscr 

Flaff on the highest 
trio m ViUape 

29 IC 15 
32 40 18 
124 3 27 

leo 0 0 

9 5gCC8S8 
0 7322523 
9 9182792 

970G 

7103 

Lops 

3*9870235 

38514540 

1 838 

1 345 


Vtrpur to Slntion 5 =: I671I H/ect Loff. 4’22301G6d/i/M3 1C5 CA 9 j\ 


Slirpur 

Station 3 
bidliansir 

! 27 46 47 
17 36 53 
Ditto 134 36 20 

180 0 0 

9 CG84544 
9 4803902 
9 8524543 

7103 

10940 

Ixips 

3 8514525 
4’0390Ifi? 

1 345 
2-072 

Station 5 toPamart s= 15958*5 fectiMg 4*2038073 Mtles, 3 028 9 jj 

Station 5 

Paniari 

Sidhanscr 

Ditto. 

36 31 SO 
42 8 8 

101 SO 22 

ISO 0 0 

9 7746436 
9 82CG493 
9*9914383 

10940 

9705 

Lops 

4-0390181 

3-9870124 

2*072 

1 838 








CHAPTER XXT. 


On the DETEintlNATION OF THE POSITION OF A PoiNT 
FEO.AI ObSEUYATIONS MADE THEREAT, TO THREE 

ivNowN Stations, and the Reduction of Angles 
TO the Centre of a Station. 

The problem of fixing a Station bj observations to three 
known points, has been extensively used in rough hilly 
countries, especially by the late Captain 'Wroughton, in the 
Sohagpore and Ramghur Territory. The mathematical part 
of this problem is old enough, but it is not an easy matter to 
compute. The geometrical construction has already been 
given at page 79, but as that does not readily suggest a conve- 
nient mode of computation, tlie following formula has been 
computed for the more rapid deduction of the problem. It is 
necessai’y that a Sm’veyor should have these rules, in case of 
accident, from having no other data, and. from the necessity 
sometimes to bring up the wmrk of others. As a system, 
however, observations to three points are unsatisfactory and 
lazy, the method is unsusceptible of minute accuracy, and 
there is no check; unless four points are observed, large errors 
may creep in, from mistakes in record, or in mistaking the 
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Stations. The observer has only logo up one of the three hnown 
points, and observe back to the Station requiring to be fixed, 
and the case then becomes an affair of simple triangles checked 
by common sides, and this should always he done by a care- 
ful Sur\eyor. The rule is, if a point depends on a single 
triangle, all three angles sliould 
be observed — if only two an- 
gles in a triangle can be 
observed, there should be at 
least two triangles to give a 
common side and thus check 
the accuracy of the determina- 
tion, as adverted to at page 439. * 



The position of each village 
may ho thus determined, by 
ascertaining the value of the 
angles subtended from it to 
three points of the surround- 
ing secondary triangles, the 
a7imuth of the lines connecting 
the latter give the azimuth 
of any of the lines of the sub- 
tended angles fxom the points 
in question. 



In the annexed diagrams A, a 
JB and Care the three given 
Stations. Forming A, B and 
C into a triangle, designate the 
angles thereof by the Ictlere 
winch mark the Stations; the 
sides opposite thereto being rc- 



x-"ar' 


precented by the corresponding 
small letters of tlie alphabet 



o, h, c. It is evidciif flint the angles A, B and C as well as 
flic sides rt, h and c arc known edements. 

Supposing X to he the Station, M'liose position is required 
to ho dcterinincdj designate as follows the angles observed 
thereat : 

.r® = z. behveen A and B 
X = l, between and C 
x" — /_ between B and C 


Now Station x may be cither within the given triangle or 
Avithout it. In the former case,, -f..r"=2- and in the latter 

The fu'st of these cases is represented by Bgure 
I, and the latter by figures 2 and 3. 

AVith regard to figures 2 and 2>, it will be seen, that the 
difterence betAveen them consists in the line AB being placed 
in the former case betAveen Stations C and x and in the latter 
on one side thereof. This circumstance should be borne in 
mindj as the general formula Avhereby diagrams 1 and 2 are 
solved, AAdll require a slight modification AAdien applied to 
diagram 3. 

AA^hen a particular case of the problem imder consideration 
is offered for solution, the Surveyor aauII draAV a sketch thereof 
and compare it Avith diagrams 1 and 2 and 3. The sketch 
must agree Avith one of the diagrams. Holding the sketch in 
the same Avay as the diagram corresponding thereto is drawn 
in the book, the Sui’Amyor Avill designate the seAm’al distances 
and angles in the sketch by those symbols, Avhich are emjDloyed 
to denote similar elements in the diagram in question. This 
being done and calling A' ‘tlie angle at Station A betAveen 
C and X it will be found that — 


Cot A' = 


b. sin x" 


a 


. sin A sin ( C + ."i/ + x'') 


cot ((7 + .r' + .r''') 


In computing by this formula it Avill be remembered that 
Z. C must be used as it stands for diagrams 1 and 2. But for 



453 


diagram 3, its complement to 300“ ti ill lequire to bo employ cd 
in place of the original C 

After due regard to the preceding rule, compute the t>vo 
terms composing the lalne of cotangent A' and take out the 
result in natural numbers cameJ to 1 decimals The signs of 
the mtnral numbers will be known on reference to the following 
table, the argument whereof is the numerical value of 

( C + y + 

Title eiliib tins Heeisns »f cot (C + et + s') 


talues of 

(C + a* + tfO 

Signs of 

Join *• 

cot ( C + ®' 4* 

asm ii/sm 

let Quadrant, 


- 

2nd Quadrant, 


■+ 

8cil Qttadmnt,, 



4th Quadrant, 

1 



After afllxing proper signs to the natural numbers, add them 
together, the sum is the natural cotangent of A' or w hen a 
table of natural cotangents is not at hand, the logarithm of 
tho sum inaj bo tahen, whicli is the logarithmic cotangent 
of A', tho logarithm being taken without reference to 
the sign of the sum, which may be either positive or 
ncgnli> e. 

When the sum is positive, tlio tabular arc correspondwg 
to the computed otangent is tho value of A', when it is 
negatiN c, the supplement to tlio tabular arc is the req^uired 
■value of A’ z A' being determined, the other angles of the 
triangles formed by the point sought and the three known 
Stations may be easily deduced by tho simple operations of 
addition and subtraction 
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Exami’ij:. 

Miircliin, Clinoni niul Murli Itt-ini;- oh-crved from Pipnrn, it is required to com- 
juilo file iiOMfion of tlie Just inciifioued poiuf. 



Murh 


Log-. 4-47CG4GJ 
Log-. 4-7187414 


Side Ciinoni to Jlurli, a 

Side Cliaoui to ^lurcliin, b 

^ Cliuoui, bct^vccii Jlurli and iMurcliia, .. C 1.5S° 38' 38' 

Observed Angles at Ptpnrn. 


UctAveen Jlurli and Murebin,. . . . 

.. .. .ro = 

150 

18 24 

Ilehrccii Jlurcbia and Cbaoni, . . . . 

. . . . = 

107 

29 10 

13ctu-cen Cbaoni and Murli, .. .. 

. . = 

42 

49 14 


PlcmcJits sought. 


Murcliia betTveeu Pipara and Cbaoni or A 
Type of Calculation. 


C = 


158° 33' 38' 

107 2D 10 Cosec. 
42 49 14 Sin. 


C + .x-' + 

h 

a 


1st Term. 

0-0205473 
9-8323-201 

0-1091942- 

4- 7187414 

5- 5233535 

0-204 1 5G5 

+ 1-G001344 
+ 0-8083564 


Cot. A = + 2-4084908 


2nd Term, 


308 57 2 Cosec. 

Log-. 

.. A. C. of Los-. 


—Cot. 9-D07C02S 
+ ' 0-80S35G4 


Log-. 0-3517450 
, t 


A =22° 82' 54' 

In cai’rying on a Detail Survey, it sometimes happens that 

the Theodolite cannot he planted over 
centte of^a'statioii? the centre of a Station. When this is 

the case, the instrument may he placed 
on one side of it, and angles taken to the surromiding signals. 
It is clear that these angles before they can he employed in the 
computation of the triangulation, -vvill require to he transferred 
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to the centre of Station, the goometiical construction foi ^^hlch 
piohlcm vasgi\enatpage87 Tins reduction may he easily 
eftected m the following manner 

Of the t^^o points (/I and obsened from a Station C 
that maj be called the right hand point, the reading of which 
in the deduction of an angle, is used as the subtrahend , the 
other point, whoso readmg is employed as the subtractor in the 
same operation, being stj led tlie left hand point. 

Considering the reading of the true centre as 0® 0' O', observe 
or compute as may be necessary from the centre of observa- 
tion, the readings of Stations A and B Call these readings 
A' and B' 

Likewise let o and /3 represent the distances of Station C to 
Stations A and B respectively which distances are obtained 
from an approximate computation of £^ABC by using the 
angles as th*ey are derived from observation unalteied bj any 
correction 

And lastly, let « designate the distance derived from mea- 
surement of true centre from centre of observation 

Now compute the two following terms, and prefix thereto 
the signs given in the tablo subjoined 

I A — * C0S6C ‘ 

~ a " /J . 

Tlie numerical \alues of these terms will be m seconds, the 
sum whereof IS the correction required to tho observed angle 
between ^|,and B 


Table exhibiting the vgns of the foregoing corrections 


Si^s of corrections for Station A 


l«t Quadrant 
Cnl Qualrant, 
3rd Quadrant 
■1th Quadrant, 
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JiXAMI’I-K. 

At tlio secoiiclnry Station of Mniula of the Ooinv'nni iVIeritlional Series, the 
Theodolite in one instance was not placed over the Station centre, but at the 
distance of 1TG7 feet from if, on whicli occasion the ang-le taken was that between 
tlie Station C"nnd Jlarag'nnj Temple, the correction to' which for excentricitj' may- 
be deduced ns follows : — 


To compute the correction for Station (7, left hand point. 


From centre of observation, Heading- of Station ) 

C’ by considering- 0° 0' 0* ns the rending- of > 

true centre, j 

Distance from centre of observation to true centre, . . . . 

Approximate distance from Manda to Station O ) 
in feet, j 

Cosec 1" 


128° 4' 20" Sin 9-89610 

n-67 feet Log-. 1-06707 
A. C. of Log. 5-42404 
Constant Log. 5-31443 


Ist part of correction, — 50"-3 


Log. 1-70164 


To compute the correction for Baraganj Temple, right hand 

point. 


From ccnti-e of obseiwation reading of Baraganj ( 
Temple by assuming ti-uc cenbi-e to read 0° 0' 0", ) 

Distance from centre of observation to ti-nc centre. 

Approximate distance from JIanda to Barag-.anj ) 
Temple in feet, ] 

Cosec 1" 


195° 14' 40" Sin 9-41985 
11-07 feet Log. 1-06707 
A. C, of Log. 6-05584 
Constant Log-. 5-31443 


2nd part of coiTection, — 72"-0 

Hence the total correction is — 50"-3 — 72"-0 = — 0° 2' 2" 
Observed Angle, . . = 67 10 20 

Con-ected Angle, = 67 8 18 


Log. 1-85719 


CHAPTER XXIL 


On Baeoitetkicai. Heights. 

To determine barometrically the difference of helglit be- 
cen o places, the implements required are two Barometers 
uith their attached Thermometers and two detached common 
air Thermometers. Before giving the formula and rules how- 
ever for this process, it is necessary to say a few words on 
the construction and method of using the "Mercurial Barometer, 
a description of which instrument has been inadvertently 
omitted in Part 2. Wo have therefore gi\ en in the foot notes, 
some useful rcmaiks lately published in a small Manual by 
^Ir. Belvillc of the Royal Observatory,- Greenwich.* 

Tlic Barometers which arc commonly made uso of in the 
measurement of a height are il/buntain Barometers, so called 
from their cstrerae portability, being constructed so that the 
tripod stand, when closed, serves as a safe and convenient pack- 
ing case. Tliey can be opened, observed, and packed up 
.again in tbc^space of about ten minutes. Thehlountain Baro- 
meter is capable of being used extensively by one individual, 
and the observations, if performed with care, will give results 
very near the truth. The instrument is not liable to injury in 
tra\ellhig, if proper precautions are taken, the most essential of 


• On Ote Constrvelion and JtTelhod of Unn^ Hit iltrcmial EaTometer, 
There arc ranou* forms of the Baromiter, bat the ono best scited for 
mcfeorolosical obscrrations consists of a tnbe about 33 inches ul length, the 
extremity of nhich is inserted into a small rescrroir or cistern , and in order 

3 L 
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•wliicli is ahvays to carry ilie cistern inverted, and, wlien in this 
position, to turn tlie screws at the bottom of the cistern until 
tlie mercury almost touches tlie top of the tube and thereby 
prevent tlie oscillalions from breaking it. Newman’s instru- 
ments dider in theiv construction from the Eno-Ieheld Baro- 

O 

meter in tlie adoption of a double iron cistern with a solid 
bottom in lieu of tlie wooden cistern and leather batj. In 
the old instrument tlie screw at the bottom compresses the 

to maintain the mercury in the cistern nhvn^'s at the same level, the cistern is 
constructed partlj' of leather, that bj' means of a screw at the bottom, the 
surface of the mcrciu'y in it may be so adjusted, ns to have it always at the 
place from which the scale commences. Some Barometers arc furnished with 
a gauge or float, that in' great elevations and depressions the obseiwer may 
perceive when the mercury' in the cistern sinks too low or rises too high. 

Let a b, fig. 1, be the glass tube plunged into the mercury 
in the cistern C, and D the surface-line of the fluid in the cis- FipJ. 
tern level with the commencement of the scale, and adjusted to 
the particular height of the mercury in the tube, which has been 
actually measured from the surface of the cistern, in the construc- 
tion of the instrument (which lieight is called its neutral point) : 

•when the mercury rises in the tube, a portion, equal to that rise, 
leaves the cistern, and the surface-line falls towards the dotted 
line e; and being lower than the surface from which its neutral 
point was measui’ed, the actual variation in the atmosphere is 
indicated too little : tiurn the screwy until the lines on the float 
h coincide, and the mercury then records the exact change : 
when depressions occur, the mercury sinking from the tube 
into the cistern raises the surface-line towards g ; in this case 
the screw J" must be unscrewed -until the leatlier at the bottom 
of the cistern be sufficiently loosened to allow the mercimy to 
assume its proper level at the surface 

When there is not a gauge to the Barometer, the relative ca- 
pacities of the cistern and tube are ascertained by experiment, 
in the construction of the instrument, and marked thereon ; as 
is also its neutral point. In this case, when the mercury in the 
tube is above the neutral point, the difference between it and 
the neutral point is to be divided by the capacity, and the quo- 
tient added to the observed height 'srill give the correct height ; 
if the mercury be below the neutral point, the difference is to be 
divided as before, and the quotient subtracted from the observed 
height ■ndU give the correct height. 
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^ >\holoofthe mercury in the cistern ns \\ell asm the tube, 
frequently forcing It throUj»h the pores of the ood, thereby 
rendeung the Barometer useless, this defect Ins now been 
remedied, and the meicury secured foi travelling, or set at 


Let capacity foroerj inch of ation of the mercury m the tube be 
equal to ^ which reduced to n decimal will be 


In 

In 

In. 


5=0 025 for one 

inch 0 013 

for ^ inch 0 007 for ^ m 


Observed height 
beutral point 

Inches 
s30 400 
:=i3QOOO 

Observed height 

Neutral point 

Inches 

29 500 

30 000 

Difference above neutral 
point 

Add for cojiacity 

1 400 

4- 010 

Difference below neutral ) 
point ) 

Subtract for capacity 

500 

— OlS 

Correct height 

30410 

Correct height 

'm487 

The scale of the Standard Barometer used in fixed observatories 

IS made 


movable, and terminates in an ivory point which is brought dotvn to the 
surface of the mercury when this point and its rejection appear to touch 
one another, the height indicated is correct This kind of Barometer requires 
no adjustment or correction for the cistern 

The tubes of Barometers vary in size those of a large diameter are pre 
fcnble, as the motion of the fluid is freer, and its friction against the sides of 
the tube Is nearly inappreciable , tubes of small diameters require correction 
for capiUant) or the depression of the mercury caused by us adhesion to the 
sides of the tube 

The range of the Barometer, or the spaces passed through by the mercury 
in Its extreme depressions and elevations bemg limited to 3^ inches it is not 
usual to graduate the scale from the lower end of the tube the divisions 
commence at 27 inches, and arc continued to 31 inches The graduations on 
Troughton a Aloimtain Barometers for measuring great elevations, commenco 
at 15 inches and arc earned on to 33 inches. Each mch is divided into ten 
equal parts and these parts aro subdivided into hundredths by means of a 
^ cmier (so named from Peter Vernier, its inventor) The Vernier (figs. 
2 &. 3) 13 a movable plate, one inch and one tenth of an inch (together equal 
to •li) m length , these eleven tenths are divided into ten equal parts, each 
part being equal to one-tenth of an inch and one tenth of a tenth together 
equal to eleven hundredths ben the pointer of the Vernier coincides with 
a division of the Barometer scale, as u fig 2 each division of the Vernier 
will exceed each division of the scale respectively by 1, 2, 3, 4 5, 0 7, 8, 9, 10 
parts, whose denominators are the number of parts between <7 fi, the excess 
of each division being -jb of a tenth or ^ of a tenth or -jb of a 
tenth or xig ib of a tenth or f Jg iLc The pointer m tlus position reads off 
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> liberty for use, by holding the instrument with the cistern end 
upwards at an angle of about 45°, and moving tlie upper part 
from left to right, making the word " portahle,^' engraved on 

to inches nncl tenths, viz. thirty inches and one tenth, expressed in figures 
30’10 inches. 

'VVlicn the pointer docs 
not coincide with a division 
of the scale ns in fig. 3, 
observe vvliich division of 
the Vernier does coincide; 
and the number placed 
against that division of 
the Vernier Avill bo the 
number of hundreths to 
be added to the inches and 
tenths. In fig. 3, 7 coin- 
cides with a division of the 
Barometer scale, and tliere- 
fore 7 hundreths are to be 
added to the inches and 
tenths, and the reading is 
thirty inches, one tenth 
and seven hundredths, 
expressed in figures 30 '17 
inches. By an alteration 
in the divisions of the 
Vernier, the Mountain and 
Standard Barometer are 
read off to of an inch. 

A Thermometer is attached to the Barometer to indicate the temperature 
of the mercury in the cistern ; all bodies expand by heat and contract with 
cold ; the expansion of mercury is easily tested by ■ exposing a mercurial 
Thermometer to the heat of a fire, or by placing it in hot water : as the 
warmth increases, the mercury will expand and ascend in the tube ; as it 
diminishes it will contract and fall towards the bulb : if the -Thermometer be 
plunged into a mixture of pounded ice and common salt, from the intense 
cold produced by the conversion of the ice into water, the mercury wiU sink 
to zero, or 32° below the freezing-point of Fahrenheit ; if the tube of the 
Thermometer should not be long enough to admit of so low a graduation, the 
mercury will shrink into the bulb. The expansion of mercury is -srgW 
bulk for each degree of Fahrenheit betw-een 32° and 212.° For convenience, 
tables have been computed, from which may be taken out, at sight, the amount 


Ft//. Ft'tj. .5. 





the cistern, coincide with the stop, or by a contiary motion 
bringing the xcoTd& " not portaLle'* opposite the siop^ when the 
instrument is intended for use. 

to Ijc subtracted from the height of the mercunal column, on account of the 
expansion of the mercury from temperature 

Tlic words Cliange, Tair, and Ilaio, engrared on the plate of the Barome- 
ter, were placed there bj the first obserrers of its ranations no great im- 
portance should he attached to them , for from the observations of two cen- 
turies wc find, that heavy rams, and of long continuance, take place witli the 
TnermiTj at 29 5 inches, ot Change , that ram frequently falls when it stands 
as ht^h as 30 00 inches, or Fair , and more particularly m mnter, a fine 
bright day mil succeed a stormy nigbt, Iho mercury rarging as low as 2000 
inches, or opposite to Bam It is not so much the absolute height as the ac- 
tual rising and falling of the mercury which determines the kind of weather 
likely to follow The late great elevation of 30-0 inches m 1 ebniary of the 
present) car 18-19, (m England) was succeeded by a minimum of 29 25 inches, 
whichpiodueeda storm of wmdso violent that the honiontal pressure of many 
oftho gusts amounted to 20lbs upon the square foot , a pressure which is rarely 
e*cccedcd, even when the Barometer falls a^low as 28 25 inches This may 
appear e-xtraordinary if wc merely take into consideration the actual height of 
the column, and neglect the quantify of the fall which amounted to 1 C5 incli 
The mean height of the greatest obsened elevations for the last tlurty*eight 
years is SO 61 inches, and the mean height of the observed depressions for the 
same period is 2S 69 inches , Ihctcfotc ft. fall in the mercury of 1 65 inch from 
the mean of the eltvations would give a minimum of 23 96 inches , a depres- 
sion which IS contemporary -with violent storms, os it is within throe tenths of 
the mean of the lowest depressions of the Barometer 
In fixing the Barometer great care must be taken to place it perpendicular 
a «iituation shonld bo selected subject to the least change of temperature, for 
w hich reason a northern aspect u preferable to a southern , the height of the 
cistern of the Baiometer aWvo the level of Uie sea, and, if possible, the differ- 
ence of the height of the mercury with some standard, should be ascertained, 
m order that the observations made with it should be comparative w-ith others 
made in different parts of the country. Before taking au observation, the in- 
strument should be gently tappoil to preveat anj adhesion of the mercury to 
the tube, the gauge should be adjusted to the surface line of the cistern, and 
the index of the Vernier brought level with the top of the mercury. If the 
Birometcr have a. Vernier which admits the light from hchmd, the lower part 
of the pointer mast make a tangent With the convex part of the mercury m 
the tube In reading off the observation the eye should be on a line with tlio 
mercury , as by placing it above, the reading would be too low, and by pla- 
cing It below, it would be too high This difference m the manner of reading 
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This instrument also varies from the common Barometer, 
being a standard in itself, the actual distance between the 
height of the mercurj’’ in the tube, and the level in the cistern 
having been measured without reference to any other Baro- 
meter. In such instruments where the cistern is entirely 
enclosed from view, an allowance must be made to reduce the 
readincT on the scale to what it would have been if the 

O 

mercury in the cistern had been adjusted 'to zero. It is 
evident that this correction of the height .of the column of 
mercury must be proportioned to the relative capacities of the 
cistern and the bore of the tube. Thus supposing the interior 
diameter of the tube to be T its exterior ‘3, and the diameter 
of the cistern ’9 inches, the ratio of the areas of the surfaces 
will be (81 — 9) or 72 to 1. The difference then between the 
observed reading of the Barometer and that of the ‘^neutral 
point” which is the height at which the mercury stood in the 


off is called error from parallax. It is indispensable that a reading of the at- 
taclied Thermometer be made simultaneoasly with the observation of the 
height of the mercury. Accuracy is the spirit of observation. A careful 
reading of inches, tenths and hundredths produces excellent results : the 
TuVu place is better left to the skill of the old observer who is usually obliged 
to estimate it, scarcely any Barometer being gradnated with sufficient preci- 
sion to trust to the divisions for so small a quantity. 

The Barometer is slightly affected periodically during the twenty -four 
hoixrs : at 9 A.5I. and 9 f.m. it stands higher, and at 3 a.m. and 3 f.iu. it stands 
lower ; the mean annnal difference amounts nearly to "03 of an inch. These 
four periods of the day have been recommended for observation bj' the Com- 
mittee of Physics of the Royal Society. It is usual, for the sake of compari- 
son, to reduce the observations to 32” of Pahrenheit. 

In. ■ 

jBt, Ifbarom. stood at 29'900 therm, attached 54°, 

Correct for temp. — '057 (by table). 




29-843 


Height of barom. at ' 
temp, of 32° 

The Tnieel-barom’eter, from its constimctioa, cannot be trusted to for cor- 
rect heights ; it merely shows if the mercury be in a rising or falling state : 
it may rather be considered as an ornamental piece of furniture than as hav- 
ing the slightest pretensions to a scientific instrument. 
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hihe al>o^c tlie ?eio mark of the cistern when the instrument 
was first made ^wlnch is always marked N P) is to be 
dmumshed m this proportion, and the quotient applied to the 
observed icadmg, additue when it is above this standard, 
and suliractite when below The small correction for the 
capillary attraction of the glass tube, the effect of which is 
constantly to depress the mercury m the tube by a certain 
quantity, is constant and additiie, and is generally allowed 
for by the maker m lading off the neutral point, in nliich 
case no further notice need be taken of it 


a Cistern of Iron 
h Thermometer im 
mersed in cistern 
e Hilled screw for 
moving scale e up or down 
d Vernier, being a fix- 
ture 

t Scale divided into 
inebes, IQths and lOQths 
Tho scale reads down to 
20 inches 

f Index arrow to bi 
sect the surface of mercury 
in the tube 
g Suspension nng 
At the back of the scale 
e tho neutral point capil 
lary— action txi^capaeiUta 
are engraved. To ren- 
der the instrument porta 
lie, or not portable the 
loner part of the cistern 
or from the bottom mould 
ing to tbe centre is caps 
lie of being turned half 
round and nn arro» in 
dicalDS when the cistern 



closes the mercury, so as to prevent its returning into the cistern n hich then 
points to the word portable engraved on the cistern the opposite direction 
allows the mercury to rctom, and the lostrumeut then becomes not portable 
but stniceablc 
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The Barometer of Tronghton’s or Jones’ pattern. Fig. 1, 
is attached to the stand by a ring in which it turns round 
•with a smooth and steady motion, for the purpose of plac- 
ing it in the best liglit for reading otf, &c.; but in New- 
man’s more modern instruments. Fig. 2, the tubes are enclosed 
in a bronzed metal case with a simple ring at the top by 
•^vhich it may be suspended fi’om any fixed ai^d steady pro- 
jection in a perpendicular position, thus obviating the neces- 
sity for a tripod stand. This instrument is merely enclosed 
in a strong leather case, and may be strapped across the 
back, in the position above described; but portable as 
Newman’s instruments are, and perfectly secured as they 
seem to be, still the greatest caution must be employed in 
carrjdng them, especially by explorers and travellers in this 
country, where a fresh tube, it must be remembered, is not 
readily supplied and properly filled. 

It is of course preferable to have two Barometers and to 
make simultaneous observations, as during changeable wea- 
tlier, dependance cannot be placed upon results with only 
one; particiilarly iiany considerable interval of time has elapsed _ 
between the comparison of the heights of the mercury at the 
different stations. Even the method of noting the time of each 
observation, ending the day’s work at the spot where it was 
comrdenced, and then correcting the readings of the Barometer 
and Thermometer at each Station, for the proportion of the 
total change between the first and last reading due to the 
respective intervals of time, cannot of course render obser- 
vations taken with one Barometer equal in accuracy to those 
observed simultaneously with two instruments, unless the 
rise or fall of the Barometer, and particularly of the Thermo- 
meter, was ascertained to have been uniformly progressive 
during the whole day. Observing however the Barometer again 
at the first station at close of the day has this advantage, 
that any great change during the period- will be immediately 
■detected, and -the degree of dependance to be placed on the 
observation made evident. 
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The (UfTercncc of readings owing to these changes will also 
bo generally subdivided among a number of observations 
though instances may occur where this caution, as regards the 
Thermometer^ will be productive of error in the result. 

In exploratory expeditions into distant countries where it is 
obviously impracticable to make simultaneous observations at 
the different elevations as they are met with in the course of 
each day’s jouniey, the comparisons must be instituted with tho 
observations taken at any fixed observatory, and which are 
generally published for general information, or at any known 
station the height of which has been previously determined. To 
effect tliis, the traveller’s instrument must of course, in the first 
instance, be duly compared with the standard in the obser- 
vatory, tho height of Avhich above the sea level'is knoivn j or 
with the instrument left at any particular Station, where the 
hours for observation have been previously mutually agreed on. 

The two Barometers selected for the measurement of 
heights, having been compared with each other> the difference, 
if any, existing between them will be determined. The whole, 
of tins (liffcronco called the Index Error being applied as a 
correction to one or the other Barometer, their readings will 
obviously become equalized. 

Under ordinary circumstances probably ten comparisons 
at intervals of a few minutes from each other, after at least 
half an hour’s quiet exposure of both instruments side by side* 
would ho sufficient for the correct determination of the Index 
error ahovementioned, hut in cases where the Barometers 
do not maintain a constant difference, twenty, thirty, or even 
forty comparisons may he taken with advantage. Pre\ioas to 
every trial, tho Barometers ought to bo thrown out of ad- 
justment and then re-adjusted and observed. After erciy 
fourth or fifth comparison the Barometers should be reversed 
and put up again. _ 

■\VliiIc tlie Barometer comparisons arc going on, the attach- 
ed and dctaclicd Thermometers may likewise be compared 

3 ji 
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The mean difference between the two attached, as likewise 
that between the two detached Tliermometers, being computed, 
they should be used in the same way as the mean difference 
between the two Barometers, viz,, for equalizing their 
readings. 

After these preliminary comparisons have been executed, 
the measurement of a height by barometrical observation may 
be taken in hand. For this purpose an observer with a Baro- 
meter, and a detached Thermometer being placed at the lower 
Station, and another observer with similar instruments being 
posted at the uj^per, let them observe simultaneously, that is 
to say, at certain times previously fixed upon, continuing the 
observations for as many days as may be convenient. If the 
weather during the observations be clear and steady, then the 
difference of height derived from this measurement would be 
worthy of great confidence. 

For the deduction of a height from barometrical observa- 
tions the formula commonly made use of, is that given by La 
Place. It takes into account the indications of the Barometer 
and Thermometer, but not those of the Hygrometer. Per- 
haps this omission is a defect of La Place’s process of compu- 
tation. Professor Bessel has investigated a formula in which 
the three conditions abovementioned have been made use of. 
We are not aware that this formula has been tested by a suf- 
ficient number of experiments to warrant its introduction into 
this work. 

In computing by La Place’s formula, the symbols used 
for designating observed elements are as follows : — 


Obserted Elements. 

Stations. 


Upper. 

Lower. 

Heig’ht of Thermometer in open air,. . . . 

t' 

t 

„ Thermometer attached, . . . . 

T 

T 

,, Barometer, . . 

/ 3 ' 

ft 
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Tills being prcmisetl, it will not be difficult to explain the 
process of computation. The barometrical columns ft and ft' 
•represent atmospheric pressure at the two given Stations, and 
as the lengths of these columns vary with the temperature 
( T and P) of the mercury, it is clear that before they can be 
used as elements of computation, they will require reduction to 
one common temperature. Again, the atmosphere itself as 
regards density, does not remain in one invariable mean state ; 
it is undergoing continual diangcs, produced by the greater or 
smaller amount of heat existing therein, and indicated by t 
and i'. This being the case, it'is clear that the correction for 
temperature must form an important part of the deduction of 
the difference of height from the difference of atmospheric 
pressure at two given places. And lastly, the force of gravity 
should likewise bo tal^cn into account, which under a given 
latitude, varying with the height ascended, must, though in a 
small degree, influence and modify atmospheric pressure at 
different elevations. 

These arc the general considerations upon which La Placets 
formula for the deduction of height is based, and in order that 
tho corrections which they give rise to, may be of easy com- 
putation, Tables A, B, C are subjoined. It will bo seen that A, 
furnishes the correction for the temperaturo of the atmosphere, 
B, for that of tho mercury, and C, for that of gravity imder 
any latitude X. 

Wc will explain the use of one of these Tables, A for 
instance, as that explanation will servo for the others. Enter 
this Tabic with the numerical value of ( value 
is forthcoming in the Table, then tlio quantity opposite is the 
proper value of 
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Table for determining Altitudes with the Mountain Barometer, 


Tliennometers in Open Air. 


t+tf A. I t+d A. I f+d A. 




4-76891 

4-76940 

4-76990 

4-77039 

4-77089 

4-77138 

4-77187 

4-77236 

4-77286 

4'7732o 

4-77384 

4-77433 

4-77482 

4-77530 

4.77579 

4-77628 

4-77677 

4-77725 

4-77774 

4-77823 

4-77871 

4-77920 

4-77968 

4-78016 

4-78005 

4-78113 

4-78161 

4-78209 

4-78257 

4-78305 

4-78353 

4-78401 

4-78449 

4-78497 

4-78544 

4-78592 

4-78640 

4-78637 

4-78735 

4-78782 

4-78830 


4-78830 

4-78877 

4-78924 

4-78972 

4-79019 

4-79060 

4-79113 

4-79100 

4-79207 

4-79254 

4-79301 

4-79348 

4-79395 

4-79442 

4-79488 

4-79535 

4-79582 

4-79028 

4-79075 

4-79721 

4-79708 

4-79814 

4-70800 

4-79907 

4-79953 

4-79999 

4-80045 


4-80137 

4-80183 

4-80229 

4-80275 

4-80321 

4-803G7 

4-80412 

4-80158 

4-80501 

4-80549 

4-8a395 

4-80640 

4-80686 


4-80686 

4-80731 

4-80777 

4-80822 

4-80867 

4-80912 

! 4-80957 

4-81003 I 
4-81048 I 
4-81093 I 
4-81138 I 

4-81183 I 
4-81227 
4-81272 I 
4-81317 I 
4-81362 I 

4-81407 I 
4-81451 I 
4-81496 I 
4-81540 I 
4-81585 I 

4-81629 I 
4-81674 I 
4-81718 I 
4-81763 I 
4-81807 I 

4-81851 I 
4-81895 I 
4-81.039 I 
4-81984 I 
4-82028 I 

4-82072 I 
4-.S211G I 
4-82100 I 
4-32203 
4-82217 

4-82291 I 

4-82335 

4-82.378 

4-82122 

4-8246G 


4-82466 

4-82509 

4-82553 

4-82596 

4-82640 i 

4-82683 

4-82727 
4-82770 I 
4-82813 I 
4-82856 I 
4-82900 I 

4-82943 I 

4-8-2986 

4-83029 

4-83072 

4-83115 

4-83158 I 
4-83201 
4-83244 
4-83286 I 
4-83329 I 

4-83372 I 
4-83415 I 
4-83457 I 
4-83500 
4-83542 I 

4-83585 I 
4-83627 
4-83670 I 
4-83712 
4-83751 I 

4-83797 I 
4-83«3;) 
4-83881 
4-8392;i I 
4-83966 I 

4-84008 I 
4-84050 
4-81092 
4-84131 I 
4-81176 I 
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Attached Thermometers. 

' Latitude of the place. 



T-T' 

B. 

X 

a 

X 


m 

0-00000 

20 

0 00087 

1 8 

0-00112 

24 

0-00078 

1 

0-00004 

21 

0-00091 

' 9 

0-00111 

25 

000075 

2 

0-00009 

0-00013 

23 

00009C 

0-00100 

1 

0 00110 

20 

0 00072 

4 

0-00017 

24 

000104 

11 

0 00108 

27 

0-OOOC9 

5 

0-00022 

25 

0-00109 

12 

0-00107 

28 

0-O0OG5 

C 

0-00020 

20 

0-00113 

18 

0 00105 

29 

0-00062 

7 

0-00030 

27 

000117 

14 

0 00103 

30 

0 00059 

8 

0 00035 

28 

0-00122 


O-OOlOO 

31 

0-00055 



29 




0 00051 

10 

0-00043 

30 

0-00130 

1 

17 

0 OOOD9 

0-00097 

32 

S3 

0W048 

11 

0-00048 

31 

000134 

0-00044 

12 

0-00052 

82 

0-00139 

18 

0 00095 

34 

13 

0-0005G 

S3 

0-00143 

19 

0-00092 

35 

0-00040 

14 

O-OOOOl 

84 

000147 

0 OOOSO 

15 

0-00005 

35 

000152 

' 20 

0 00000 

36 

10 

0-00009 

SO 

0-00150 

21 

0-00087 

37 

000032 

17 

0-00074 

37 

0-001 GO 

22 

0 00084 

38 

0 00028 

18 

10 

0-00078 

0-00083 

38 

39 

000105 

OOOICO 

23 

0 00081 

09 

0-00024 

20 

0-00087 

40 

0-00173 

24 

0.00078 

40 

0-00020 


If it 1)0 not forthcoming then fake out A for ne^t 

less, and correct it in this waj: — Compute the difference 
bct\^ccn the Tabular <iuanlitics next less and next greater 
^han the mpifa'J Tufue. tijis difference 6y the 

excess of the given argument above the Tabular argument 
next less; the product is the correction required, •which is 
positive because the Tabular quantity A, forms an increasing 
series. In a similar manner, quantities D and C may be 
computed. 

Calculating i?. A, and (7, from tlie Tables given above, and 
taking out the Logarithms of /3 and />' from a common Table 
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of Logai’itlimsj the computation of the difference of height may 
be effected in the following manner: 

Put Z>=Log. /3 — (Log. [i'+B) 

Hence Log. a;=Log.Z>+-^+ G. 

X being the difference of altitude in feet^ between the two 
Stations. ^ 

Deduction of the Height of Sonahoda G. T. Station above Calcutta 
Observatory, by using the six simultaneous Barometrical observations 
made at both places on the 6th December, 1847. 


Mean Latitude, = 24° 24' 
Upper Station, Sonakoda, 


(Table column C.') 0-00077 

Lower Station, Calcutta Observatory. 

Upper. 

Thermometer in open air,... t' == 70’8 

Thermometer attached, ... T' = 70-8 

Barometer, — 29’957 

Lower. 

t = 72-8 

T= 73-2 

yS = 30-169 

(T — T')=2'4(Table, column i?.)0‘00011 ; (<-{-^0 ~ 143'6 (Table, column^.) 4’81745 

.'. B = 0-00011 


Log. = 3’*46982 

I'Og. /3/ = 1-47650 


from column C= 0-00077 

Log. ^'4-5= 1-47661 


fi-om column A — 4-81745 

Log. /5 ... = 1-47956 


2-28804 

Difference = 0-00295 Log. 


Difference of height = 194-1 feet. 


The Barometers used at Sonalmda were those marked Nos. 2 
and 3 by Troughton and Simms, of wdiich the mean is taken 
as the numerical value for /5'. The standard Barometer 
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No. 8G, by Newman ..was observed at the Calcutta Ob- 
servatwy. 

By G corresponding barometrical observations on 
the Ctb December 1847, the mean height of the 


cisterns of Barometers Nos. 2 and 3, above the cistern Feet. 

of the Calcutta Barometer as deduced above is 194 '1 

By G similar observations on the 7th December,, . 192*1 

Ditto tlitto 8tli ditto, 194*7 

Mean, 193'6 


The <ustcms of Nos, 2 and 3 above the station 

mark, — 2*0 

Ditto of Calcutta Barometer above sea level, +18*2 


Height of Sonakoda Station above sea level baro- 


metrically, 209:8 

The same deduced gcodctically, 213*8 

Discrepancy, 4*0 


The deduction of this lieiglit of the Sonakoda Base in the 
Pumcah district at a distance of 255 miles from Calcutta, agrees, 
as will be perceived, remarkably well with the Trigonometri- 
cal Calculation, the difference being only 4 feet. This 
proves the advantage of the systematic record of meteorologi- 
cal obsen'ations at a 6xed observatory. The scientific 
rcscarcbes of an officer lately employed in Kumaon tend to 
prove that his barometrical observations even across the 
Himalaya, follow all the Calcutta movements — and this view 
of the subject is confirmed by the deductions of the heights of 
the scvcr.Tl mountains in Sikhim and Eastern Nepal by the 
accomplished traveller, lately traversing those parts, by means 
of similar simultaneous data, which have approximated in a 
remarkable manner to the trigonometrical results obtained by 
the Sun'cyor General of India. This adds therefore a pe- 
culiar value to the Calcutta Register and renders the obsc^^’a- 
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tions there taken of great service to the traveller. • The day 
curves given in tliis register are quite perfect, but it wants the 
3 a. m. and 10 p. m. observations to malce it complete as a 
meteorological record. 

An example of the difference of elevation between the top 
of the monastery hill at Darjeeling, and Mr. Muller’s house at 
the same place worked out by Bessel’s and La Place’s formula 
give the following results: 

By Bessel, 214‘20 Feet. 

By La Place, 214’35 

/ 

Difference, - 0’15 ' 

and agreeing with the trigonometrical height by 0*9 feet. 
The difference therefore, caused by tlie hygrometric state of 
the atmosphere, and allowed for by Bessel, but not taken 
into account by La Place, does not appear to be worthy of 
notice. 

A set of most useful “ Tables for determining the altitudes 
of mountains by the Barometer and boiling point Thermometer,” 
have lately been published by Lieut. Colonel J. T. Boileau, 
the Superintendent of the Simlah Magnetic Observatory,^' 
and no traveller should go without them. The barometrical 
Tables computed from Oltmann’s formulae, are particularly 
convenient, especially for persons who are not accustomed 
to logarithms. The comparisons of English and French 
measures and of the different Thermometers” are also fre- 
quently required for reference in a coimtiy where you cannot 
alwa3^s choose your own instruments, or foresee whether a 
Centio-rade, Reaumur, or Fahrenheit Thermometer is to be 
used. The tliermometrical Tables for finding the heights of 
the Barometer corresponding to different boiling points, have 
been computed from Regnault’s Table of the Elastic Forces 
of aqueous vapour, published in Taylor’s Scientific Memoirs, 


^ Printed at the Magnetic Observatory Press, Meerut, July 1849. 
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\olumc 4tli, to e^cl) tenth of a dtjjicc ofriliicnliut The 
hole of these Tables are too elaborate, for an} thing beyond 
a passing icmark in tins ^^ork, but we may safeh recommend 
the compilation to general notice, and express a hope that the 
intention hinted at in tho Preface "of a repiint with additions,” 
may be speedily earned out. We must therefore content 
ourselves with giving a general explanation of this lattci 
mode of procecchng for tho determination of height* 

THLiniOMEXUICALr 1 

Those onl}, who Iiavc had anv piactical expciiencc vvitlx 
such dchcato and expensive mstruraents, as Mercurial iloun- 
tam Barometers, can ho full} aware of the disappointments 
met with m a countiy like tins, where the dangers and dilR- 
cultios cxpcnenced with mstnunents of this description, arc 
so constant, and the means of transit so unsuitccf to their use, 
and for replacing tliem from such great distances, any sub- 
stitute, therefore, b} which the beiglits of places may be 
measured, cannot fail to be extremely useful in many instances 
and situations, winch are perpetually occurnng with trav oilers 
and CNplorers in the countucs bordering on the Biitish posses- 
sions in India. The common Thermometer has been frcqucntl} 
practised in India for determining heights b} the different 
temperatures of hoilm^ tenter According as tlie atmospheric 
•ptcamte duroxashes^ vi dues w^atec hod a.t biw.et tompeta.tw.es, 
and tlms tlio boiling point of v\ater at different heights is 
computed to measure these heights 1 ho Tlicrmomcter used 


ox Tiu csr or coiiMox thfrsiqmeters to orTErJnvr iimgiits 


Ilanng K-cn recenth nppliwl (o by two gentlemen about to travel — the one 
in Afr»ca and the oil er m Asia Mmor-.-fur a ilewnplion of tl e T1 traomclcrs 
nnl apparatus us«l bj myself for somejnn in Ini a for dclcrmminghc (s 
theb jl n» lemperaiure of water Ihare tentureJ tobehcre that abnefne 
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for tliis particular pui’pcsCj is described by Lieut. Colonel W. 
H. Sykes^ F. R. S., iu the 8th volume of the London Geographi- 
cal J ournab wherein he has also given the Tables deduced by the 
late James Prinsep, to facilitate the computation of altitudes, 
as well as examj)les, for their practical application. These we 
have given in the foot notes, rendering but little further ex- 
planation necessary. The instrument with boiling apparatus 


count of a process which I found to produce results sufficiently near to the truth 
for most practical purposes, may not be unacceptable to some members of the 
Society, particularly'^ as I carried on my barometrical observations contem- 
poraneously, and thereby obtained data for fixing the value of certain 
points on the thermometric scale. To determine heights accurately, good 
Barometers are necessary, which have been carefully compared with a 
standard Barometer : the observations must be taken simultaneously at 
the upper and lower stations, and the temperature of the mercury and 
the air, and the hygrometric state of the latter, must be noted. Heights so 
determined, when tested again in the same or succeeding years, I have rarely 
found to vary more than 10 or 20 feet in 4000 or 5000. When Barometers 
are used which have not been previously compared with a standard, when the 
observations are not simultaneous, and when the pressure and temperature at 
the level of the sea are assumed, the results may, by accident, be near to the 
truth, but they wUl usually be from 100 to 300 feet wrong, — at least such 
is the result of my experience within the Tropics. But good Barometers are 
very costly ; they are troublesome to carry, are particularly exposed to acci- 
dent on a journey, and get out of order by the escape of the mercury, which 
being frequently unobserved, the Barometer continues to be used as if it were 
correct. The late Archdeacon Wollaston, aware of these facts, invented 
the thermometric Barometer to supply the place of the ordinary Barometer. 
This instrument is very sensible, but it is very fragile from the great 
weight of the bulb compared with the slenderness of the stem ; moreover, 
there are some complex accompaniments, and the instrument is also 
expensive : in short, I found it not fit for rough loork out-of-doors, hav- 
ing had three destroj'ed at the outset of my labours ; and the same 
opinion is expressed by Sir. James Prinsep, of Calcutta, who is well known 
for the practical aj)plication of his scientific knowledge. I had then recourse 
to common Thermometers, and, -with certain precautions in their use, found 
them answer my purpose sufficiently well. A tin shawng-pot was my boiler ; 
dry sticks and pure water were usually to be had, arid by the time my Baro- 
meters were settled, I was ready to take the boiling temperature. The 
following is a sketch of the apparatus. 
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complete is extremely simple, and any Thermometer with metal 
scale, reading sufficiently high, maj he adapted to the shaving 
pot as described by Colonel Syles. The great portability, 
nnd less liability to injury over the Barometer is the chief 


It Will be 9oen that the chief part of the scale 
nsually attached to the Thermometer is removed, 
only 90 much of it being left as may be desirable 
I, honcTCr, permitted the brass scale of one of my 
Thermometers to remain, and I did not discover 
that It nas the cause of error Previously to 
taking the Thermometers inland, it is necessary to 
ascertain their boiling points at the level of the 
eea , for m many instances the scales are so care 
Icssly applied, that a Thermometer may indicate a 
boihng temperature of 213% 214% or 215® at the 
level of the sea , one of mine stood at 214 2 when 
water boiled. Nevertheless, by making a deduction 
of 2“ 2' in all observation, the indications rarely 
differed five hundreths of a degree from the other 
Tliennomctcr, of vhich tho boiling point was 
212® tho tcmperatuco of tho air and tho height of 
the Barometer at the tune the tenfication of the 
Thennometors is made must be noted. The follow- 
ing is the manner in which my observations nero 
taken — from 4 to 6 inches of pure water were put 
into tho tm pot , the Tliermoroetcr was fitted Into 
the aperture In the lid of the sliding tabc by means 
ofa collar of cork , the tm tube was then pushed np 
or down to admit of the bulb of tho Thermometer, 
being about tico ine/ies, above the bottom of tho pot. 
Violent ebullition was continued for 10 minutes or 
a quarter of an hour, and tho height of the mercury 
was repeatedly ascertained during that time, and 
the temperature of tho air was noticed Similar 
operations were repeated With a second Thermome- 
fcf, Foett is never sate fo rely upon owe instrument 
IlaviDg obtained the boiling points, it remains to 
dclennine the value of the indication of diminished 



A A common tin pot, 
J) inches high by 2 m dia 
meter 

U A filiding tube of 
the moving up and down 
in the pot, the head of the 
tube u eluded, but has u 
slit in It, C, to admit of 
the Thermometer passin" 
through a collar of eorS 
which shuts up tlio slit 
where the Tljennometor w 
placed 

D Thermometer, with 
BO much of the scale left 
oalr as may bo dcurahfe 

I. Holes for the escape 
of steam 


presjurcr when the obserrafionv arc taken above tbe level of the sea. The 
elastic tension of steam at different pomts on tho thermomctric scale has 
Wen dctermmeil by experiment, but not at regular intcrvaU on the scale, nor 
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rucoininond.'itioii of iliis instrument, for of course llie same 
accinvK^y cannot 1)0 cxjieclcd from it. 'I'lic results deduced 
from llic use of those 'J'ahlos appear always rallicr less than 
those ohtained from careful barometrical observations, and if. 

uitti .‘.imilnr n'.-,iilt.s, liy ilinVront pi-r.^oiK : Tnl)1c'.s, tlieroforc, computed from 
tile forimilie oi’ tile viirltUN e.xjicrimfUfcr.-i, do not nccord ; but, in tliree Tables 
Mliieli I )i!iv(" ill itiy jio.s'iession, the liei^^lils computed by tliem, ivlien comp.ir- 
cd with lieielil.'i detcrmiiied by corre.spondiiift; barometrical observations ^ntb 
previously compared IJarometer.s (the only satisfactory way to ascertain 
liei"bts not takmi trigonometrically,) approximate siiflicientl^’ near for all 
practical purposes where great neenrne^' is not desired. Tliese Tables, how- 
ever, difler slightly from caeli other. 

The Table which fir.st came into mj' hands appeared nnonj'mously in the 
l^Tadras' Gazette for 1824, In 182G, an able friend, Lieut. Ttohinson, of the 
Indian Na\y, wlio entered wnrmlj- info mj- views to determine heights by 
common Thermometers, thonglit lie could improve upon thoTahlcI was using, 
and accordingly made a new computation : tlio third Table came under my 
notice much more recently than the two former. It is computed by ^tr. James 
Pi'inscp, of Calcutta, Socrotar 3 ' of the Asiatic Sociotj' of Bengal, .a gentleman 
distinguished for Ids scientific rosonreh. He published it in the Journal of the 
Soeict}', To admit of a just estimate being formed of the value of these 
Tables, — of the value of corresiionding barometrical observations, made with 
due precautions, although with difTorent coadjutors and different instruments, 
— of the value of barometrical observations, nith an as.snmod pressure and 
temperature, at the level of the sea, — of the value of thcrmometrical compared 
with barometrical observations, — out of manj- Imndred hoiglits determined in 
various n-ays, I have taken man^- at random (the number, it appears, is ciglity- 
oiglit) and I have put tliom into juxtaposition in a Tabular form. In thormome- 
ti'ic heights, the elements at the level of the sea were a boiling temperatxire 
of 212® Fahr. and a mean temperature of the air of 82®. The nssmacf/ pressure 
in liciglits determined baromotricallj', Avithout coiTOsponding ohscn'ations, was 
30 inches ; mean temperature 82°. In looking over the tabulated results, I 
was a good deal siu'ixriscd to find that in no instance, hj’^ Avhatever method 
determined, do the barometric differences in height exceed 127 feet, and this 
only by comparing the highest indications with an assumed pressiu’e AAith the 
lowest indications of corresponding observations. It aaiII bo seen that the 
various Tables for determining heights thermometricallj^ Avith certain excep- 
tions, do not differ very materially in their results from each othei’, nor from 
corresponding barometric obseiwations ; the formulte on AA'hicli thej" are found- 
ed maj' therefore he considered, on the AA’hole, sufficicntlj’^ accurate for the 
present state of our knoAA'ledge. 



477 


a iiuinbei of careful obseivations obtained by both methods 
aro compared together, or %\ith a trigonomcti ical or lc\elling 
process, they ill afford tho means of making any necessary 

Lieut. Robinson and Atr Pnnsep’s Tulles gi»e close approximations to 
each otiior m tlicir results, but they arc so much below tho corresponding 
barometric obscr>ations, which I consider the true heights, as the results by 
the Jladras Tabic arc above the true heights Some of them curiously coin- 
cide within a foot or two of the heights determined by corresponding barome- 
trical ohscr\ations, but this eomculcncc musUbo the result of mere accident 
Taking tlie mean of all tho thermometne observations at a station calculated 
by the three Tables, and the mean of all tho corresponding barometric obser- 
vations at the same place, tho utmost difference is 107 feet m less than 
COO , and the least difference is 8 feet m about 3000 , but as the thcr- 
moraetrie heights, m which the difference of 107 feet occurs, were single 
observations, mado by a gentleman who had newly begun to uso his 
Tliermometors, they maj be looked upon os probably less accurate than 
subsequent trials would have made them This is scarcely an unjust 
inference, as it will bo scon that tho next greatest difference made by tho 
same gentleman was only 24 feet in 4490 It must be admitted, however, 
that this amount of error is just as bkely to occur m heights of 100 feet as in 
those of 10,000 My Thennemeters w ere not graduated to less than half-degrees, 
ond long practice enabled mo to dctennino the height of tho mercury in tho 
steam to one twentieth of adogroe , but I would recommend Thermometers be- 
ing used m which the degrees arc graduated to fifths or tenths of a degree 
On the whole, I think the results of six years’ experience justify mein, saying 
that common Thennomoters may be salisfuctonlj used to supply the place of 
Barometers in measuring heights where great accuracy is not required , and it 
wall be recollcctcil that what is nswallj lookwl upon ns a difficult and trouble- 
some operation with Barotneters, will be attainable by any person who tames 
with him a couple t f Thermometers, tho requisite tm pot, and tho Tables, and 
w ho IS master of the simplest rules of antlimctic 
Of the three Tables in my possession, I have chosen Sfr Pnnsep’s from 
lluir perspicuity and the facilities they oRkr for tho conversion of boiling torn 
ptritures into heights with very bltlc trouble , but n glance over tho figures m 
my Tables of Altitudes will show that the Tables arc susceptible of consider- 
able improvement, for with two exceptions, all the heights deduced from 
ilr Pnnsep and liicat Robinson’s are xaueh below those determined by 
simultaneous observations with good Barometers , and I join inth Jfr Prm»cp 
111 expressing a hope that every traveller boiling his Thermometers will, at the 
same tune, if he possm a Barometer, make a record of its indication, and tlius 
render essential service to physics, by fixing so many jiomts on tho scale of the 
elastic tmsion of steam at ditbrent timpemtuns 
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corrections in lliu Tables. Tlic approximation, liowever, is 
sufficiontly close in flic examples given in Colonel Sykes’ 
book, as (0 induce groat confidence in the method, and espe- 

TABl.i:. I. 

To ftml (he Jiaromclrir Prrxiurc anti Jilcratimi corresrponding to any observed 
Temperature of JioUtntj Water bctieccn '2\A° and 180’, 


Boiling 
Point of 
AVnter. 

Biironu't«'r 

inorlilit'fl 

from 

Trcdgohl's 

Formula. 

Logarithmic 
Dilferonces ot 
Fathoms. 

Total Alti- 
tufle from 
30-00 ill. or 
the Level of 
the Sea, 

Value of 
each De- 
gree in 
Feet of. 
Altitucle. 

Proportional 
Partfor One- 
tenth of a 
Degree. 

o 



Feet. 

Feet. 

Feet, 

214 

31-19 

00-84-3 

—1013 

—,505 


21 a 

30-.59 

84-.5 

507 

—507 

... 

9.1 9. 

30-00 . 

84-9 

0 • 

+509 

... 

211 

29-42 

85-2 

+509 

511 

51 

210 

28-85 

85-5 

1021 

513 


200 

28-29 

85-8 

1534 

515 


208 

27-73 

8G.2 

2049 

517 


207 

27-18 

80-0 

2566 

519 

52 

200 

20-04 

87-1 

3085 

522 


205 

20-11 

87-5 

3607 

524 


204 

25-59 

87-8 

4131 

520 


203 

25-08 

88-1 

4657 

528 


202 

24-58 

88-5 

5185 

531 

53 

201 

24-08 

88-9 

.5716 

533 


200 

23-59 

89-3 

0250 

536 


199 

23-11 

89-7 

6786 

538 


198 

22-04 

90-1 

7324 

541 

54 

197 

22-17 

90-5 

7804 

543 

... 

190 

21-71 

91-0 

8407 

540 


195 

21-20 

91-4 

8953 

548 


194 

20-82 

91-8 

9502 

551 

55 

193 

20-39 

92-2 

10053 

553 


192 

19-90 

92-0 

10606 

550 


191 

19-54 

93-0 

11101 

558 


190 

19-13 

93-4 

11719 

560 

66 

189 

18-72 

93-8 

12280 

563 

... 

188 

18-32 

94-2 

•. 12843 

565 


187 

17-93 

94-8 

13408 

569 

57 

186 

17-54 

95-3 

13977 

572 


185 

17-16 

95-9 

14548 

575 

58 

184 

16-79 

96-4 

. 15124 

578 


183 

- 16-42 

96-9 

15702 

581 


182 

16-06 

97-4 

16284 

584 


181 

15-70 

97-9 

16868 

587 


180 

15-35 


17455 


59 


The Fourth Column gives the Heights in Feet. 
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dally for determining the comparative altitudes of places in a 
moiintainons country. 

Tho Tables being given in degrees of Fahrenheit ^ it >\:11 
be necessary in case Centigrade Thermometers are used, to 
convert those indications into tho corresponding ones of Fahren- 
9c 

heit, for Avhich the formula is F=-j-+ 32 whenever the 


TABLE ir 


Table of'MuliipUers to correct the Approxmate Height for the Temperature 
of the Air. 


Tempenv- 
ture of 
the Atr. 

Multiplier. 

Tonpera- 
ture of 
the Air. 

Mulijpher. 

Tempera* 
ture of 
tho Air 

Multipher 

'o 


» 


0 


32 

1-000 

32 

1-042 

72 

1-033 

33 

1-002 

33 

1-044 

70 

1-0R5 

04 

1-001 

34 

1-04G 

74 

1-087 

33 

1-000 

33 

1048 

75 


30 

1-008 

30 

1-030 

70 

1-091 

37 

l-OlO 

37 

1-032 

77 

1-004 

sa 

1-012 

38 

1-054 

78 

I 090 

30 

1-015 

39 

1050 

70 

1-098 

40 

1-017 

CO 

1-058 

80 

1-100 

41 

1-010 

Cl 

1-OGO 

81 

1 102 

42 

1-021 

1 02 

I-0C2 

82 


43 

1-023 

03 

1-004 

83 

MOO 

44 

1-023 

i 04 

1-OGO 

84 

M08 

45 

1-027 

[ 03 

1-OCO 

83 

I-IIO 

4G 

1-020 

1 00 

1-071 

80 


47 

1-031 

07 

1-073 

87 

1-114 

48 

1-033 

1 08 

1-075 

88 

1-110 

40 

i-oai 

1 09 

1-077 

80 

1-118 


1-037 

' 70 

1-070 

00 

1 121 

IHil 

4-033 

1 

1-081 

01 

1-123 


Enfcr the mean (cmpcrafarc oflho stratum of air tratcrswl, and muN 
lifl) tlic approximate height bj the ntunber opposite, for the true altitude 

\ 






fU'grees arc above tlie freezing point of water, and vice versa, 
for converting Fabrenbeit into Centigrade measure — the 


formula will be O- 


(y- 


-p ) X 5 

o' “• 


tVlif’U tlio TliennoinLtor has limi hoilt-d nt the foot and at the summit of a 
momitnin, iiothiiip: more is necessary (Iian to deduct the* inimber in tlio column 
of fc'Ct »»p|)i>site the hoiliii" point hclou* from the same of the boiling point 
above: this givi*s an approximate height, to be niultiplicd by tlic number 
o])pi'site the rtiaiii temperature of the air in Tabh* IL, for the correct altitude. 

° feet. 

Boiling point nt summit of Hill Fort ofPilnindhur, near Puna 204*2 = 4027 
Boiling point nt Hay Cottage, I’una 208*7 = 1C90 

Approximate heiglit 2337 

Temperature of the air above* 7.'S° 

Ditto ditto belou* 83 


Jlcan 79 = Multiplier 1*098 


Correct altitude 2*5GG feet. 
Mean of Barometer Obscn'ations 2*G49 

Differenco 83 


A^^lon the boiling point at the upper station alone is observed, and for the 
lower the level of the sea, or the register of a distinct Barometer is talcon, 
then the barometric reading had better be converted into feet, by the usual 
method of subtracting its logarithm from 1*47712 (log. of 30 inches) and mul- 
tiplj’ing by *000G, as the differences in the column of ‘ Barometer' vary more 
r.apidly than those in the 'feel' column. 


Example . — ^Boiling point at upper station 185°= 14548 

Barometer at Calcutta (at 32°) 29 in, 75° 

Logar. diff.=l*47712— 1*47349=00363 XO00G= 218 


A2>proximate height 14330 

Temperature, upper station, 76° ) ™„if.*„T,.,. i.mn 

Ditto lower, / 540 } S0=multipher, 1*100 


Correct altitxide 15763 

Assuming 30*00 inches as the average height of the Barometer at the level 
of the sea (-which is ho-wevei* too much), the altitude of the upper station is at 
once obtained bj* inspection of Table I., correcting for ■ temperatm’e of the 
stratum of air traversed by Table II, 



CHAPTER XXIII. 


On Levcluno. 

Levelling is die art of tracing a Uno at the surface of tJjc 
earth, wliich shall cut the directions of gravity everywhere 
at riglit angles. If the earth were an extended plane, all 
lines representing the direction of gravity at every point on 
its surface would bo parallel to each other; but in conse- 
quence of its figure being that of a sphere or globe, tliey 
evorywhero converge to a point within tho spliere which 
is cqui-dUtant from all parts of its surface; or, in other words, 
tlic direction of gravity invariably tends towards tho centre of 
the earth, and may be considered, as represented by a plumb- 
line nhen hanging freely, and suspended beyond the sphere of 
attmclion of the surrounding objects. 



In the above diagram let the straight line A B represent the 
surface of the earth, upon the supposition of its being an 
\ 3 
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extended plane, the direction of gravity at the points. A, I, 
and B, vould be represented by the lines A C, ID, and BE, 
nil parallel to each other, and at right angles to the horizontal 
line AB. Now if the surface was nndulatory, as shown by 
the curved line AB, and it was required to make a section 
representing it, an instrument capable of tracing out a line 
parallel to the horizontal line AB (as a spirit-level) might be 
set up any where on the surface, as at I, and staves being 
placed or held along the line, as at a, h, c, d, §*c., the different 
heights above the ground where such staves were intersected 
by the lines so traced out, would at once show the relative 
level of all those points, with regard to the horizontal line, as 
a datum or standaixl of comparison. 

But as the earth is a globe, its circumference must be 
circulai*, as IKL, in the annexed figure : 



the straight line AB, will therefore not represent the surface 
of the earth, but the sensible horizon of an observer stationed 
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at the point /, to ^liich point it is a tangent, being at light 
angles to the radios of tho circle (or semi-diameter of the 
earth) IC, A line which is parallel to tho sensible horizon of 
tlio observer, is tho line traced out by our spirit-levels, and is 
a tangent to the earth’s surface at that point only where the 
instrument is set up: thus AB is a tangent at ly and DE a 
tangent at F; siicli being the fact, tho difference of lejcl be- 
tween any two points cannot be determined by simple refer- 
ence to a horizontal lino, since every point on the surface of 
tho globe (liowcvcr near to each other) has a distinct hori- 
zon of its own. 

If tho earth wore cveryivhero surrounded by a fluid at 
rest, or that its surface \\ as smooth, regular and uniform, 
every point thereon would be equally distant from the centre ; 
hut in consequence of tho undulating form of the surface, 
places and objects are diffbreotly situated, some further from, 
and others nearer to, tho centre of the earth, and conse- 
quently at different levels. The operation of levelling may 
thcroforo bo defined as the art of finding how much higher 
or lower any one point is than another, or, more properly, 
tho difference of their distances from tho centre of tho 
earth. 

Referring to our last figure, wo have seen that the lino 
AB is a true horizontal or level line at tho point I, but being 
produced in the direction A or B it rises above the cartli’s 
surface; and although it may appear to be level as seen 
from I, yet it is above tho true level (which is represented 
by tho circumference of tho circle) at every other point, and 
continues to diverge from it, tho further it is produced ; at G, 
the apparent Hue of level, as the horizontal lino AB is called, 
is abo^c tho true level, by the distance Gif, and at iV by 
the distance MN, the dijfa'cnce being equal to the excess of 
the secant of the arc of distance above the radius of the 
earth. 
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'riie (lin’erenc'f, GU or hc-tu'cen llu; Iriic ninl npj)arent 
lovol may lie llms found. Pul / iti (he fullowing diagram 



for the taiigciit Ilh r for the radius Cl of tlio earth and x for 
GU, the excess of the secant of the arc of distance above the 
radius; I/I being considered as equal to IG; tlien 

(;• + .r)= = + /= 

or + 2 ?\v + .r- = ?•* -f- /'•' 
and 2 ?'.r -f- .r- = t~ 
or (2r + .r) x = i" 

But because tlie diameter of the earth 2r is so great vitli 
respect to tlie quantit}'' (.r) sought at all distances to -wliich a 
common leA^elling operation usually extends, that 2r may be 
taken for 2r + x -without sensible error; we then have 

27-.r = C 

“ 2r 


and X 
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Or VI tcords : The diJJercncB hcticeeii the true and nji- 
fiarent level is e^ual to the sgnare of the distance (t-) divuled hxj 
the diameter of the earth (2r) and consequenthj is aheays pro- 
portional to the square of the distance. 

Tljo moan diameter of the earth is 7916 miles and the 
excess of the apparent above the true level for ono mile 


- J— 

2r 7910 


of a mile, or 8.004 inches, at two miles it is four 


times that quantity or 32.016 inches, and so on increasing in 
proportion to the square of the dist.ance. 

If we reject the decimal .004 and assume the difference 
between the tnie and apparent level for one mile, to bo exactly 
8 inches, or two-thirds of a foot, there arises the following 
convenient form for computing the correction of level due to 
the curvature of the earth, for distances given in miles, viz., 
2D*. 

— D being the distance in miles. 

A very c.asily remembered formula, derived from the above 
for the correction for curvature in feet is two-thirds of the 
square of tlie distance in miles ; and another, for the same in 
inches is the square of the distance in cliains divided hy 
800. 

But the effect of the earth’s curvature is modified by 
another cause, namely, refraction. This, as regards celestial 
objects, has already been explained in part 2nd, p.agc 155, and 
is equally applicable to our present subject. The distance at 
which an object can bo seen by the aid of refraction, is to the 
distance at which it could be seen without that aid, nearly as 
14 to 13, tho refraction augmenting the distance at which an 
object can be seen by about a thirteenth of itself. Hence to 
correct tlio error occasioned by refraction, it will only be 
requisite to diminish the effects of the earth’s curvature, or 
licight of tho apparent above the true level, by one-seventh of 
itself. 
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'I'lio full<jwiiig T:iLlo sliows the reduction of tlie ai^parentto 
tlie tiMic Ic^•cl, botli for tlie curvature of the earth only, and 
also for the conihincd effects of ciu'vature and refraction. 

TrfM’ of (he (Hjfcrencc of (he apparent and true level for 
distances in Chains. 


l^islnnco 
in Cliiiins. 


I 

o 


a 

4 

5 
G 

7 

8 
9 

10 

11 

12 

13 

14 
ir> 
16 

17 

18 

19 

20 


Correction. 

Curvature in decimals of 

Curvatm^e and Eefraction in 

feet. 

decimals of feet. 

•000104 

•000089 

•000417 

•000358 

•000938 

•000804 

•001CG8 

•001430 

•002G05 

•002233 

•003752 

•003216 

•005107 

•004378 

•O0GC7O 

•005717 

•008442 

•007236 

•010422 

•008933 

•012G10 

•010809 

•015007 

•012863 

•017613 

•015097 

•020427 

•017509 

•023450 

•020100 

•026GS0 

•022869 

•030120 

•025817 

•033767 

•028943 

•037623 

•032248 

•041687 

•035732 


The correction for distances gi-eater than those given in the 
Table may be computed by the following rule-the same by 

which the Table itself was computed: 

Rule To the arithmetical complement of the logarithm of the 
diameter of the earth, or 2.3788603, add donlk the log of the 
dUtanee I feet, the sum will he the hg. oftlw eorreetwn for cur- 
vature infect and decimals; from which if one-seventh of itself 
he subtracted, the result will be tlie comWned correction for cur- 

"1;— 'can however be placed npon the acem^y 
m, entities on account of terrestnal refractio , 


1 


^ »*rT 



for ^vhen near the horizon it is unequally influenced by the 
\ ariablo state of the atmosphere. The ra) s are sometimes 
affected laterally, and they Iia\e been e\cn seen convev instead 
of concave. 

In the 2nd part of this work, wc have given a full descrip- 
tion of tlio \ arious instrninenls used in levelling operations, vv o 
vv ill not therefore revert to them Iiere beyond making a few 
remarks on levelling slaves, and also on an instrument of 
simple construction as represented in the adjoining figure. 



its use being to rest the lev elling staff upon w hen Ijold at any 
station. It consists of a triangular piece of sheet iron, of about 
one-tenth of an inch in tJiickness, having the corncis turned 
down to fonn the feet of tlic tripod, w hich are to ho pressed 
into tUo ground by the foot of tlic staff-holder ; a rounded piece 
of iron is rivetted on the upper surface, to present a clean spot 
to rest tho staff upon when Iidd at the station; the chain with 
tlic attached ring is for the convenience of the staff-lioldcr in 
lifting it from the ground, and carrying it from station to sta- 
tion ; by tho use of the above instrument, the staff is sure to be 
kept on tho same spot, and at the same Iicight from the ground 
wlulo tho observer is reading tho stav'es both at the back and 
forward station on each side of tbc spirit-lovel. 

Tho lev elling staff, a necessary nccompinimcnt to nil lev oi- 
ling instrument*!, has been hitherto alwnys made with a sliding 
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vaiic to move up and down a staff graduated 
to feet and decimals of feet and inches. ' A 
description of staff lias liowever been lately 
introduced, hy Mr. Gravatt, the face of 
whicli is made broad cnougli to contain 
su fiicientlj large graduations and figures, for 
the observer to read witli certainty througli 
the telescope of his instrument to the one- 
hundredth part of a foot at the distance of 
12 chains or more, which is sufficient for 
most practical purposes, thus securing greater certainty and 
expedition in the work. A short description of this staff has 
already been given at page 166, and the only care required on 
the part of the staff-holder, in using it, is that he may hold it 
perpendicular. To assist him iir this, a small plummet is sus- 
pended in a groove cut out in the side of the staff, by which 
its verticallity can be determined in one direction, and the 
observer himself can detect if it be held aslant in . the other 
direction, as may be understood from the adjoining diagram, 
which represents the staff e as it 
appears in the field of an invert- 
ing telescope, where ad repre- 
sents the horizontal wii'e, c and 
cl two wires placed at right 
angles to it, and separated so as 
to admit at usual distances, the 
staff e to appear between them 
and by which the observer can 
tell if tlie staff-man holds it 
erect in a lateral direction. 

* This was effected by a string and pulley, or the staff itself was made in 
two or throe pieces, each of the upper pieces sliding in a groove in the one 
next below it. Tor any height less than the length of the first piece (gene- 
rally about 6 feet) the vane was slid up or down with the hahd j but for a 
greater height, the second piece with the vane at l/ie top, was moved up bodily 
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Levelling staves of the above description are non generally 
used III India, and arc manufactured m the mathematical in- 
strument department. 'I hey arc better adapted for the climate 
tlian the one with vano and vernier, the staff mvariahlj warp- 
ing, and the vernier coming off, rendering the instrument for 
the time unserviceable. Any defect caused b;^ the wear of 
Gravatt’s staff can he remedied by the Surveyor himself, the 
edges being secured bj a moulding screwed on, and the face 
of the staff can be renewed by glueing on new strips of papci 
with the divisions marked on them, which with the protection 
of a coat of v amish will make die instrument again «erviccahle 
From what has been said on the subject of the correc- 
tions for curvature and refraction, it is necessary to re- 
mark that such corrections are very seldom applied in prac- 
tice, tho observer by the arrangements of lus operations 
doing away m a groat degree their injurious effects 

Tho method adopted in practice, is to place the instnimcnt as 
near as possible midwaj between tlio station staves, the effect 
of curvature is thus removed, as well as that of atmospheric 
refraction, as tho latter will affect both obscnations alike, 
unless under peculiar circumstances of the weather, &.C., over 
which tho observer has no control In an extended line of 
operations, it can however scarcely ever happen that one 
placing of tho instrument will complete it, a succession of 
similar operations must therefore be performed, assliovvn in 
the annexed figure 



III! the cenUr of the tbdc was cut hj the lino of tho optical axis of tho instre 
tncnv when the hcij^ht w-as read on anothor seal gradoatiHl dovnsMrds frvm 
lAf fp/* on the s lo of tho Jowtr jo st of tho alaff 

3 1 
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Suppose it were required to find tlie difference of level be- 
tween the points A and G ; a. staff is erected at A, the instru- 
ment is set up at B, another staff at Q at the same distance 
from B, that B is from /I, and the readings of the two staves 
are noted. The instrument is then conveyed to D, and the 
staff which stood at A, is now removed to E, the staff Oj 
retaining its former position, and from being the forward staff 
at tlie last observation, is now the back staff: the readings of 
the two staves are again noted, and the instrument removed 
to E, and the staff 0, to the point G, the staff at E, retaining 
the same position now becomes in its turn the back staff, and 
so on to- the end of the work, which may thus be extended 
many miles : the difference of any two of the readings will 
show the difference of level between the places of the back 
and forward staff; and the difference between the sura of 
the back sights, and the sum of the forward sights will 
give the difference of level between the extreme points 
thus : 


Sifflits. 

Fo>'e Siffhis. 


Ft. Dec. 

Ft. Dec. 

A, and C, 

10*46 

~ 11*20 

C, „ E, 

11*33 

— 8*00 

E, „ G, 

7*42 

— 7*91 

Sums 

29*21 

-- 27*11 


27-11 


Difference of level 

2*10 



showing that the point G, is 2 feet, and higher than the 
point A. 

The foregoing process is called compound levelling. The 
following is an example of simple levelling, being performed 



nt one operation and tliercfore subject to tlie correction for 
curvature and refraction to obtain a correct result 



If it were required to drain a Jlieel A, by making a cut to a 
stream at i?, a distance of 20 chains: let a level be set up at 
Ci and directed to a staff held upright at the edge of the water 
at B. The horizontal line CD represents the line of sight 
which would cut the staff at Z), the reading being 17.44 feet ; 
the height of the instrument above tho ground was 4 feet, and 
the depth of tho Jlieol 10 feet; therefore the difference of level 
between tho bottom of the Jhccl and the surface of the stream 
was as follows: 


Itcadmg of (he StafT, . . . 

Height of Instrument, 

Depth of JbecL ... 

CuiTsture and Refraction for 20 Chs. 1 
(see Table page 48C,) ... . j 


Ft, Dec. 
17‘U 

4-00 

10-00 

0-03 

14-03 


Difference of lercl, 


The following will explain tho method to bo pursued in 
levelling a tr.act of country. 

In the first instance the staff-holder must place his staff on 
the bench mark* from xvlience the levels are to commence. 


• Id the practice of lerelLng, it is osual tn leave at convenient intervals, 
what are called Dneh tnarktt these mostly consist of permanent objects, 
eucb as stumps of trees, milestones, etc, on which it is nsnal to cut a distin- 
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The Surveyor must then set up his spirit-level in the most 
suitable spot ■Nvhich presents itself, from whence he can have 
an uninterrupted view, not only of the stafiF at the back sta- 
tion, but also for a considerable distance in the direction he 
wishes to carry his levels. The station selected should not 
in any case exceed 4 or 5 chains, for when long distances are 
taken, unless both the back and forwai’d stations are equally 
distant from the instrument, errors will gi’adually creep in, 
which in a long series of levels, are liable, by their accumula- 
tion, to be of serious consequence. 

The proper station being determined on, and the level 
adjusted for observation’^ it must be directed to the back 
staff and the foot and decimal fraction of a foot, with which 
the central part of the horizontal wire appears to be coinci- 
dent, noted with all possible exactness, and entered in the 
proper colmnn of the Field or Observation Book; as soon 
as it is registered, look to see that the spirit bubble has not 
returned from its central position, and then repeat the obser- 
vation, to ensure that no mistake has been made in noting it. 


guishing raark, that it may be knoAvn hereafter. Their use is chiefly for 
future reference, in the event of its being necessary, either to check the levels 
by repetition, to change the direction of the line of levels from any point, or 
to take up and continue the levels at the commencement of a day’s work, 
a Bench mark having been left at the close of the day preceding. 

* The level must be adjusted for observation in the foUowing order ; First 
draw out the eye-piece of the Telescope till the cross-udres are perfectly de- 
fined ; then, directing it to the stafij turn the miUed-headed screw A, (see 
figure page 1?9) on the side of the Telescope, till the smallest graduations on 
the staff are lilcewise clearly distingfuishable, that these two adjustments be 
very carefully and completely performed is of more consequence than is gene- 
rallj’^ supposed, for upon them depends the existence or non-existence of 
parallax to remove which has already been explained at pages 161 and 162. 
The above adjustments being made perfect, bring the spirit bubble into the 
centre of its glass tube, and which position it must retain unmoved in every 
direction of the instrument ; this is accomplished in the same manner as in 
the Theodolite by bringing the Telescope successively over each pair of the 
parallel plate screws, and giidng them motion, screwing up one, while un- 
screwing the other to an equal extent. 
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Tlio back obscn ition being made, turn tbo Telescope round 
in tlio fonvard direction , then look at the spirit bubble, and 
if it has at all changed its position, receding tOTvards either 
end of the tube, bnng it back to tbo centre by tlie parallel 
plate serous, thcnobsor\c •uliat dnision on the staff is inter- 
sected b} the cross-uirc, and enter the reading in the proper 
column of the Field-book Plaving entered it, renfy it by a 
second observation, ■uhich will complete the first levels The 
first levels being completed, the Surveyor passing the man who 
holds the forward staff, proceeds to some convenient spot to 
set the instrument a second time, which, as before remarked, 
sliould not be more than 4 or 5 chains distant, the man who 
Iicld tlio staff at the hack station, likewise proceeds still furtlici 
oiiu ards to take up a new station, and as nearly as possible 
at the same distance flora the instrument, os the instrument is 
from the staff, which has now become the back station The 
instrument is then again adjusted, and the same process follow- 
ed as above described, until arrived at the end of the senes 
The foregoing description of the method of taking levels is 
general, and applies equally to overj kind of lev clhng operation 
Iho following is the form of Field-book used for entering 
tlic observations, &.c. 

l-orm (>f Fttl I book for Obsenations 
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Where levels are made for the formation of a section it is 
necessary that the distance between the levellino' staves be 
measured, as well as the bearing observed of each staff to 
enable the Surveyor to plot and draw tlje section, but in run- 
ning or check levels there is no necessity for the chain or com- 
pass, the object of check levels being only to obtain the differ- 
ence of level between certain intermediate and the extreme 
points of the section pimdously made, to check its acciu’acy. 
It is also immaterial by what route we proceed from one point 
to another, so that such spots may be selected for the stations 
as are most convenient for tlie purpose, and may afford oppor- 
tunity of checking any intermediate points on the section line. 
The Field-book required therefore for check levels is merely a 
simple entiy of back and fore sights, the difference of the 
sums of which will be the difference of level between the 
extreme points of the Section line. 


Form of Field-look for check levels. 


Stations. 

Back Siglits. 

Fore Sights. 

Eemarks. 

1 

4.19 

4.24 

Back station on bench mark at 

2 

5.44 

1.20 

milestone 72. 

3 

4.96 

3.20 


4 

4.73 

1.32 

Foru-ard station top of milestone 87. 


19.32 

9.96 

9.36 

9.96 

DifFerence. 

Sums. 


It is usual to refer all levels to a certain datum line, 
prewously fixed, and m the course of a long 

Datum Line. , r i i i * , r , i 

senes ot levels, to keep a register of the 

heights of particular spots^ above this given datum, which 

may be considered as so many zero or fixed points, easily 

recognizable, if carefully^ noted in the Field-book, and from 

whence any portion ofetlie work can be levelled over again, 
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or branch lines of level be conducted in any direction, and 
the levels of such branches bo comparable with tliose of the 
main line. 

This datum line should invariably bo assumed from some 
known and fixed permanent point %vhich may always bo refer- 
red to, without the chance of doubt and misconception at any 
subsequent period. For instance, the recent levels of the 
town of Calcutta, taken by Mr. Simms, the Consulting Civil 
Engineer to Government, are all calculated from the bottom 
or 'Sill of the stone on the Tide Gauge at Kyd’s Dockyard, 
a point which must always be easy of ascertainment, and 
which is' peculiarly convenient for comparison with the mean 
level of the soa. 

This point of the Tide Gaugo has been ascertained to bo 
8.38 feet below the sea Icvch by a scries of observations of 
the heights of the tides at Calcutta at high and low water, 
from which the lowest monthly average of the meUin tidal 
level in the months of February and March, has been assumed 
as the moan level of tho sea. 

Tho observations mad© for this purpose tend to show that 
tho locality of Calcutta is unfavorable for determining with 
great precision the mean sea level, owing perhaps to the length 
of the channel which the tides have to traverse, and tho great 
effect produced by tho riso of tho river in tho monsoons, the 
diffcrcnco of tho mean height in the month of September 
being 6J- feet above that of February or March. 

But these disturbing causes are, for the most part, indepen- 
dent of the influence of the sea i^elfi tho monthly mean tide 
of which should bo an uniform quantity affected only to a 
slight degreo by the pressure of the wind. Divested of these 
anomalies it may be concluded that tjic mean state of the 
water in tho river can never bo loicer than the actual sea 
level, tho lowest monthly average of moan tide is therefore 
perhaps the nearest approximation to the truth. 

According to tlicso levels, the surface of the mercury in 
tho cistern of the Standard Barometer in the Calcutta Obser- 
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vatory*' is 18*21 feet^ aucl the floor of the large puckha Gliat, 
inscribed to Lord William Bentinck and known as " Baboo’s 
Ghat/’ exactly 17*79 feet ahove the mean level of the sea. 

When a line of levels of any considerable length is to be 

plotted, the horizontal distances cannot be laid 
Plotting Sec- K . , . „ 

tions. down on as large a scale as is necessary for tlie 

vertical heights above the datum point, in 
nrder that the section may be of any practical use, witliout 
making the plot of most unwieldj’- dimensions. It is therefore 
usual to make the vertical scale mucli larger than the horizon- 
tal one : thus 4 inches to a mile for tlie horizontal distances, 
with one inch to 100 feet, for the vertical distances, is an usual 
combination; the vertical scale being so mucli greater tlian tlie 
horizontal, shows the depths of cutting and embankment re- 
quired in the execution of roads, railways, canals, &c., witli 
greater clearness than if both scales were equal. 

For instance, to plot the line of levels as given in the Field- 
book, page 493. 



Draw a line A/J representing the horizontal line ;e. tin- 
datum to which the levels arc reduced, as shown in the cnluimi 
headed “From 1st Station in the series," assume any jioint «aH 
the startiiifr point from which set off the measured distance s 
ns ixivcn in the back and fore distance colmnns. at thfH<^* reveral 


• Th<" Ob^.-niUnry N't*, ta. Chewrincfi* < U-na, h Ijit.- rJlitfi-'l !». 'i - '- 
pr,--. nt tVt..=.'n;U<.ry i' jUiwU-'l Kt N'<>- aS, Jw n- i; -rU'e i-.f 

.*> t Je *4 '<1. 
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points raise pcrpcmliculars, and on tiiem ]ay oft the diftcr- 
cnccs of level from the 1st in the scries, join these several 
points, and the section is completed 

Tlic section being 100 feet above the previously fiKed 
datum point, all that is required to represent this, is to 
drau a line CDy parallel to AB, at 100 feet below it, 
then b> drawing perpendiculars from the surface line to this 
new datum, as shown by the dotted lines, tlic transfer 
vmII be complete, as the heights of any points can bo measured 
by the scale of the section. In plotting sections, it is tho 
horizontal distances between the several stations that must bo 
laid down When the ground rises and falls m long regular 
slopes, the measurement as taken along the slopes, must bo 
reduced to horizontal distances by calculation If tho use or 
fall IS but slight, this reduction may be altogcthei disregarded, 
the difference between the honzontal and hypothcnusal mea- 
surements not exceeding tho limits of error in tho measure itself 
Tho following Table, showing the reduction to bo made on 
each chain’s length, will assist m making tho necessary 
calculation 


Risoin fi’Ctfor 
one cliftin 

TleOuction upon 
one chain in 

1 ak4 and dcci 
Dials. 

1 

0-0 1 

2 

0^ 

3 

Oil 

\ 


5 

0-22 

G 

044 


0 5G 

8 

0"4 

9 

0-94 

10 

1 16 

11 

1 40 

12 

1*76 

13 

201 

14 

2124 

15 

2 Cl 

ir 

2-99 

1" 

3-39 

IS 

3'"6 

19 

4-23 

20 

4 -64 


r^Tciingwiib The application 
•n,«xloUl«. Thoodolito 

to the practice of lev clling 15 an 
operation of great simplicity 
Tlic instrument is set up at one 

marked outhj bandcroks or long 
pickets at every change of tlio 
general inclination of the ground 
and a levolhng-staff, with the 
vane set to the cvact hciglit of 
tho optical osus of the Telescope, 
being sent to the first of these 
marks, its angle of depression or 
elevation is taken, and bj wij 
of insunng accuracy, the inslnt- 
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niGiit and staff' are then made to change places, and the ver- 
tical arc being clamped to the mean of the tioo readings, the 
cross-wires are again made to bisect the vane. The distances ■ 
may either be chained before the angles are observed, marks 
being left at every irregularity on the sm'face wliere the 
levelling-staff is required to be placed ; or both operations may 
be performed at the same time, the vane on the staff* being 
raised or lowered till it is bisected by the wires of the 
Telescope, and the height on the staff noted at each place. 

The accompanying sketch explains this method ; — A and B 
are the places of the instrument, and of the first station on the 
line, where a mark equal to the height of the instrument is set 
up ; between these points the intermediate positions a, h, c, d, 
for putting up the levelling-staff’ are determined by the irregu- 
lai’ities of the ground. The angle of depression to B is observ- 
ed, and if great accuracy is required the mean of this and the 



reciprocal angle of elevation from B to A is taken, and the 
vertical arc being clamped to this angle, the Telescope is again 
made to bisect the vane at B. On arriving at B, after read- 
ing the height of the vane at a, h, c, ^c., and measuring the 
distances A a, ^c., the instrument must be brought forward, 
and the angle of elevation taken to C, the same process 
being repeated to obtain the outline of the ground between B 
and C. In laying the section down upon paper, a horizontal 
line being drawn, the angles of elevation and depression can 
be protracted, and the distances laid down on these lines ; the 
respective height of the vane on each staff* being then laid off 
from these points in a vertical direction, will give the points 
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a, If c, marking the outline of the ground. A more correct 
way of course is to calculate the difference of level hetween 
tho stations, which is tho sine of the angle of depression or 
elevation to the hypothenusal distance AB considered as radius 
allowing in long distances for curvature and refraction. 

Instead of only taking the single angle of depression to 
tlio distant Station B, and noting the heights of the vane at the 
intermediate Stations, «, i, c, §*c.> angles may he taken to mark 
tho same height as the instrument set up at each of these inter- 
mediate points^ w’hich will equally afford data for laying down 
the Section; but tho former method is certainly preferable. 

Tiio details may bo kept in the form of a Field-book, but 
for this species of levelling the measured distances and vertical 
heights can bo written without confusion on a diagram, 
loaring tho corrections for refraction and curvature (when 
necessary) to bo applied when the section is plotted. 

Whore a number of cross'scctions arc required, the Theodo- 
lite is particularly useful, as so many can be token without 
moving tho instrument It is also well adapted for trial sec- 
tions, where minute accuracy is not looked for, but where 
economy, both of time and money, is an object 

The Theodolite is likewise used in running check levels, to tost 
the acciuucy of those taken in detail tdth a spirit-level. Re- 
ciprocal angles of elevation and depression, taken betneeu 
bench marks, whose distances from cacli other are knou n, afford 
a proof of tho general accuracy of tbo work ; and if these 
points of reference arc proved to be correct, it may «afely be 
inferred that tho intermediate work is so likewise. 



GITAPTER xxry. 


On Contouring. 

AnotiiI'IR species of levelling to be describeeb is that hy 
•wliicli certain data are given, from Avhicb the outline of a 
horizontal section of the gi’ouud can be constructed and is 
called “ Contouring,” a term wliich is applied to the outline of 
any figure and consequently to that of any section of a solid 
body, but when used in connection with the forms of ground 
or of works of defence, the outline of a horizontal section of 
the gi’ound, or works, is alone to be understood by it.'^ 

Contour lines give a most perfect delineation of the ground, 
and they are the only part of a Survey wliich will remain 
unaltered in the lapse of ages, hills and valleys being much 
more permanent things than houses, roads and boundaries, 
wliicli cease to give acemate information in a few years and 
require revision at a great cost. 

It would be useless expense to increase the number of Con- 
tour lines on mountain ground where no probable demand 
either for roads or drains exists, and on the other hand in dis- 
tricts which are nearly level. Contours only at gi’eat difference 
of altitude Avould be of little practical utility. 

In waste lands, Contom’s tend to a knowledge of the best 
mode of improvement, as the levels are coimected with each 
other throughout the country, and referred to the sea as a 
datum line. As a general system, however. Contouring can 


* Vtde Note page 509 
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scarcely be said to be applicable to India^ where the niowntains 
arc inaccessible ami for tlic most part untrodden, and the 
wastes impenetrable and impervious, from the denseness of 
the jungle and rankness of the vegetation.' The undulations 
and round smootli- downs of England arc Iiero wanting, and 
tho vast c.’stcnt of the country leaving but few points fked by 
the great triangulation, the operation, so simple on tho Ord- 
inance Sun'cy of England, would bo one of much difficulty 
in this country, where there is so little to mark the inequali- 
ties of the surface until the stupendous liills rise suddenly 
and precipitously above tho gcnei^ level, 

A few remarks on tlio system, however, which has become 
so common in England, will not be misplaced. 

“ Tho method of tracing these Contours in tho ^eld is thus 
performed. Banderoles or long pickets are first driven, one at 
the top ahd another at the bottom of sucli slopes as best define 
tho ground, particularly tho ridge lines, and watercourses, 
should no such sensible lines exist, they must be placed at 
about equal intervals apart, regulated by tho degree of 
minutiaj required, and tho variety in the undulations of the 
surface of tho groiuid. A short picket being driven on tlio 
level of tho intended upper (or lower) line of Contours, and in 
lino between two of the banderoles, the level is placed so as to 
command the best general view of this first lino and adjusted, 
care being taken that its axis is not so low as to cut the ground 
below the picket (or so high as to be above the top of the 
levoIIing-stafF, if the lower Contour is tho first traced) ; the 
stair is then placed at this picket, and the vane raised or lower- 
ed til) it is intersected by tho cross-wires of tho Telescope, tlie 
stalT is ilicn shifted to another point on about tho same level, 
and in tho line between the next two pickets, and the staff 
itself moved up or down the slope till the vane again coincides 
with the cross-wires, at which spot another picket is driven. 
This operation is continuetl, till it is necessary to move tho level 
to continue tho same up[>er Contour Hues, when (the staff being 
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})]nccd at one of t]ic pickets just driven) the vane is again 
raised or lowered to suit the next position of tlie axis of tlie 
instrument and kept at this height, ns before, for the continu- 
ation of tlio line. To trace tlie next Jower Contour line, it is 
merely necessary to raise the vane on the staff, five, ten, or 
^vllatover number of feet may be tlie vertical distance deter- 
mined upon, and proceed as before. When the level itself has 
to be mo\-ed to loiver ground, it must be so placed that its* 
axis will cut the ground above one of the pickets of the 
line just marked out, and the same quantity of five or ten 
feet added to the reading of tlie staff at this picket, will 
give the height of the vane for the next lower horizontal 
line. 

" The use of driving all tliese pickets, marking out the Con- 
tours nearly in the same line down tlie slopes, becomes evident 
when they are to be laid down on the plan, the places of the 
original banderoles or long pickets being fixed with reference 
to each other, it is only necessary to measure between them, 
entering the distances on fliese lines, with the offsets to the 
right or left to the different sliort pickets marking the horizon- 
tal lines.”^ 


* The instrument, best adapted for Contouring where a rapid delineation of 
country is an object frequently of greater importance than accuracy, is the 
water-level, its best recommendation being the facility with which it can be 
made and requiring no adjustment when using it. The following description 
is taken from “ Tromo on Suiweying.” 

The French water-level is much used, on the continent, in taking sections 
for military purposes. It possesses the great advantage of never requiring 
any adjustment, and does not cost the one-twentieth part of the price of a 
spirit-level. From having no Telescope, it is impossible to take long sights 
with this instrument; and it is not of course susceptible of very minute accu- 
racy; but, on the other hand, no gi'oss errors can creep into the section, as 
may be the case wth a badly adjusted spirit-level, or a Theodolite used as 
such, the horizontal line being adjusted by nature without the intervention of 
any mechanical contrivance. As this species of level is not generally known 
in England, the following description is given ; which, udth the assistance 
of the sketch, will enable any person to construct one for himself with- 
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“ Contoured plans from ^>]ncli sections arc to be constructed 
are generally plotted on about tlic same scale as special sur- 
veys of estates, that is, on one of 2, 3, or 4 chains, to one inch. 
Small portions of ground for military purposes avhero the ■scr- 

out further aid than that of common workmen to be found Jn CTcrj 
\iUago 

a is a hollow tube of brass « 
about balfaninehin (bamctcr,,H 
and about ihtco feet long, 
and </ arc short pieces of brass “ 
tube of larger diameter, Into 
s\bicli the long lube is sold* r* 
od, and arc for the purpose of 
recen ing the tw o small bottles 
< and ft the ends of wbioli, 
after tlio bottoms hate been 
cut off by tjmg a piece of 
string round them when heat' 
cil, aro fis<K.l in their positions 
with putty or white lead— the projecting short axis p works (m the jnstru 
ment from which the sketch was taken) m a boUow brass cylinder A, which 
forms tbo top of a stand used for obsening with a repeating circle , but it 
maj bo made lo a v&ncij of ways so os to rcvclsc on au> light portable 
stami The tube, w hen required for use, is filled with water (coloured ivilh 
lake or mdigo), till it nearly reaches to the necks of the bottles, which are 
then corked for the conrctiicnce of carnage On setting the stand tolerably 
Icicl bj the eje, these corks arc both withdrawn (which must be done 
carefully and when the tube is nearly lerel, or the water will bo 
ejected w iih nolcncc) and the surface of the water m tbo bottles being 
necessarily on the same lorcl, gircs a honrontol lino m whatcrer direction 
the tube is tamed, by which the vane of the Icrelling-stair is adjusted 
A sbde could easily be attached (o (ho outside of e and d, by wluch the 
intersection of two cross wires could bo made to coincide with the 
surface of the water in each of the bottles j or floats, with cross hairs 
made to rest on tbo surface of the fluid in each bottle, the accuracy of 
their intersection being prorod by changing the floats from one bottle 
to th© other cither of these contniancca would render the instrumcBt mere 
accurate as to the determination of the horuonial line of sight , though one 
of its great monts, quickness ofcsecution, would be unpaired by the first, 
and its simplicity affected bj either of them. Por detailed sections on rough 
ground, where the staff is set np at titort t/«fanees opart, it is well qualified to 
supersede the spirit lerel , and isparticularlj adapted to tracing Contour hne* 
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tical distances are under five feet may even be laid down on a 
scale of one chain to one inch.”*' 

The method adopted in carrying on the Contours of the 
Ordnance Sui’vey of England is detailed in the following 
inetnorandum obtained from the Ordnance Map Office at South- 
ampton^ and which gives a clear explanation of the subject. 

By the aid of Contours we obtain such a perfect knowledge 
of the configuration of the country, that every map maybe said 
to be a model of the district, and their advantage increases in 
proportion as the area to be examined is extended. 

“ The Contour lines are formed by connecting points of equal 
altitude determined by levelling, and traced through any dis- ‘ 
trict ; they are placed at equal altitudes above each other as at 
25, 50, 100 feet, &c., depending upon the nature of the coun- 
try, and these are taken above a given datum level. 

The mean level of the sea is found to be a more constant 
level round this kingdom. 


Spring tides 



“ The tides from the springs to tlie neaps may be said to 
oscillate above and below the mean tidal line, and it is found 
that although the rise and fall of the tides varies in amount 
round the coast, the mean tidal line is nearly a constant level, 
and it is therefore a much better line of reference for the Con- 
tours than any other. 

* Frome on Surveying. 
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out Imving refei’eiice to local surveys made too frequently 
under the dictation of local influence, to obtain a particular 
object, and in disregard of the interests of the community who 
have to pay for the construction and maintenance of the road. 

" The Contouring on the Ordnance Survey 

Contowring. , , 

js divided into six branches, viz. 

1. Initial levelling. 

2. Road and Trigonometrical line levelling. 

3. The Contouring. 

4. Plotting. 

* 

5. Examining. 

6. Hill Sketching. 

“ The initial levelling is the first operation, and is the basis 

of all the rest. It consists in levelling with 
Initial levelling. . . ^ ^ . , . 

a superior instrument, the mam roads in any 
district of country, leaving permanent marks (either copper 
bolts or bench marks on masonry) the value of which, in 
altitude, is most accurately fixed by twice or even three times 
levelh'ng. The work is kept in Field-books and the leveller 
makes a survey of the road as he works, in order that the 
position of the marks and altitudes may be correctly plotted 
on the plans when made. The instruments, used on the 
survey, are 12-inch spirit-levels. 

This levelling has been cai’ried on to a considerable extent 
in England a^(L Scotland, and is much in advance of the 
Contouring. 

2nd. " Road and trigonometrical line levelling for Contour 
purposes, is built upon the initial levelling 

Hostd und tii* i j j *i. 

gonometrical line and depends upon It. 

levelling. ee ^ooks of the initial levelling having 

been worked out at the map office, a correct list of the marks 
and their values is furnished to the district office for any 
district required to be Contoured. 
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“ Tills district is tlien carefully perambulated, and such 
roads as pass over important features of ground are levelled 
with a second rate instrument (a 10-inch or 5-inch Theodolite.) 
As it is found that roads generally keep to the valleys and are 
not so useful for Contouring purposes when levelled as lines 
at riglit angles to the general run of Contours, recourse is had 
to trigonometrical line levelling, that is to say, lines of levels 
arc run from one trigonometrical station to another, crossing 
the general run of Contours at right angles as nearly as 
possible. 

** Sometimes a road may be found that goes directly up a 
hill, and then it is invariably used for levelling purposes in 
preference to a trigonometrical line, on accoimt of tlio facility 
in working on it compared to levelling in fields; wooden 
pickets arc left along these lines wherever there is no means 
of making a bench mark on masonry, and the values given in 
levelling Iiavc reference to the tops of these pickets. This 
Contour levelling depends upon the initial road levelling 
Inasmuch as it starts from somo mark on ono initial line, 
and closes on somo otltcr mark. 

3rd. “ Tlic non-commissioned officer in charge of a section 
of Centomrers, has a list given him of the marks in the dis- 
trict he is employed upon : when ho requires 

Contouring. .• i A . i- i , 

- any particular Contour lino laid down, he 

furnishes tlie party wlio is to do it with the position and 
value of tlie nc.'ircst mark to the required altitude on a 
levelled line; this is used for a starting point and having 
risen or fallen from this mark till he has obtained the 
Contour height, he proceeds to lay out the Contour line by 
rods fixed in the ground as a tcmjwrary mark, at the same 
time ho surveys the position of these rods with reference to 
the detail shown on a plan furnished to him, and enters the 
survey in a Field-book. 

** At certain convenient places on bis Contour line he leaves 
wooden pickets which enable liis- work to be tested afterwards. 
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and lie cojitinnes tliis operalioii till lie conics across some 
levelled lino, the position of wliich, with tlie inarksj is shown on 
his plan. lie levels up or down (as the case ina}^ be)froniliis 
Contour to the nearest bench mark on this levelled line, and 
finds the dincrcnco in altitude between tliem, wdiicli difference 
ho t;d<cs to the non-commissioned officer, wlio knowino- the 
value of the bench mark closed upon, is able to tell wdietlier 
tbe Contour is correct at the close. 

If in a flat coimtiy an error is manifest of two or three- 
tenths of a foot,-tlic Contour is rim again, but in a moderate 
country half a foot is allowed to pass ; no Contour is allow'ed to 
go much hc^'ond four or five miles witliout a check of 
this kind. 

4t]i. “ Tlie Field-books and plans being sent in, the work is 

plotted on the engraved sheets, the bench marks on the level- 
led lines being also plotted, and the position 
of the wooden pickets left by the Contoiirer 
shown, one sheet is sent in this state to the examiner for 
examination, 

5th. Who is directed to walk every Contour line in order 

to see wdiether tlie plotting is correctly done 

Examining. j x • n • • • • r 

and to nil in all omissions arising Irom in- 


correct referencing of the Coiitoiu’ Field-books, &c., also to re- 
coiitonr wdiatever is doubtful, and to check a fair number of 
the Contours, by levelling from some permanent mark to one 
or more of the •wooden pickets left by the Contourer. Tlie 
examiner sends his documents into the office when all the 
corrections are made on the fair plan, and all the fresh values 
in altitude obtained from the examiner’s levelling inserted. • 
6tli. “ The hill sketcliing is carried on in a niucli more rapid 
manner by two men, one -until an instrument 
Hill Sketching. other with a light levelling staff. 

The latter lias the plan until all the instriunental Contours sliown 
on it, and lie is placed by the assistant on the intermediate 
25 feet Contour lines, tlie outline of v'hich he sketches in on 
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]iis plan until the ^\holc i$ completed, — this is not Kept 

in Field-books. 

TJio instrumental Contours liitlicrto run lia-\ o been the 23 
feet— 50— 1 00— 1 50— 200— 250-^300 —350 —400 — 500 — 
GOO— 800— 1000— 1200— 1400— &C. &c. 

** Wliilst the Contours interpolated luavc been the 75 feet — 
125— 175— 225— 275— 325— 375 — 425—450-475—525— 
55O—575—G25—05O—G75—7OO—725—75O—775—825 — 
850— 875— 900— 925— 950— 975— 1025— 1 050— &c. &c.” 

In further elucidation of this subject, vre have extracted the 
artulc by Captain Harness, Rojal Engineers, from tho Aide 
hltnioiro, vol. 1, page 227, as given in the foot notes — 

CONTOURING. 

Thi3 term ts applied to the outhoc of any figure, and consequently to that 
of any section of a solid body , but when used professionally in connection 
v> ith the forms of ground, or of work^ of defence, the outline of a horuontal 
section of the ground, or w orks, » alone to be noderstood by it 
When tho forms of ground or works are described by Contours, or horuon- 
tal sections, lliese sections are taken at some fixed Ycrtieal interral from each 
ether suited to the scale of the drawing, or to the subject in hand , and the 
distance of each, nboie of below some assumed piano of comparison, is gieen 
in figures at tbc most conumeot places on the plan When the scale of tho 
drawing IS about 100 feet to an inelt,2 orOfectwiU be found a convenient 
verticil intcnal between the Contours , and however largo the scalo of the 
plan, It will scarcely be found nccessarj to obtain Contours with a loss verti- 
cal interval than 2 feet. If the scale of the plan bo about 250 fi ot to an inch, 
or (he ordinary special surroj scale of-t chains to an inch, 5 feet will prove n 
convenient vertical intenal , and with n honzontal scale of from 500 to 800 
ri>et per inch, 10 feet may bo taken ns the vertical interval. The Trench 
generally cmploj on imaginarj plane of comparison above the highest points 
in the plan , but there docs not appear to be any gooil reason whj the figures, 
winch woull d«,notc the altitudes of the several points of a plan above the 
level with whicli thej are usually and naturally compared, should not be cm- 
plojevl to denote the levels of the Contours. JiTear the coast, the level of low 
water, the plane of comparison for the soundings id nautical charts, is the 
natural plane of comparison for Contours , and the numbers affixed to (hem, 
when this is adopted, express (betr allitodcs in the ordmarj way 
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ConJoiirs not only ftirnisli a correct iVlea of the reliefs of the ground, &c., 
rejn-escnlod, but ninny problems can be worked by them without the aid of 
vertical sections : the following arc the most useful : ; 

7V/C acalc of a pktiic 
pasHwg through three given 
points, A, B, C, (fig. 1), 
mag he found by so divid- 
ing the line AC, joining 
the highest and lowest of 
the given points, that the 
two parts may bear the 
same proportion to each 
other, ns tlie numbers ex- 
pressing the difference of level between the third point and each of the other 
two ; i. c., making A D : B C; •• A B; B </) C ,* D will be on the same level 
as B, and BB will be a horizontal of the plane required. 

7b find the scale of a plane passing through tioo given points, and having a 
given inclination.— The inclination determines the interval in plan between the 
Contours passing through the two given points. With one of the points as a 
centre, and that interval as a radius, describe a circle ; the tangent drawn to 
the circle from the other point is a horizontal of the plane required. If the 
distance betu'een the points is less than the necessary interval between the 
Contours, this problem is impossible ; when possible, it always admits of tn'o 
solutions. 

7b find the scale of a plane passing through a given point, and parallel to a 
given plane — It inll agree in direction, and in its divisions, with that of the 
given plane ; the numbers 
must be varied to corres- 
pond with the level of the 
given point. 

^ To find in a plane, given 
by its scale of slope, as in 
fig. 2, a line passing through 
a given point, A, and hav- ^ 
ing a given inclination less d 
than that of the plane . — 

Trace a Contour of the 
plane having any conve- 
nient difference of level 
from the given point; 
with that point as a cen- 
tre, and with the base due with the required inebnation of the line, to 
the assumed diffex-ence of level as a radius, describe an arc cutting that 
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Contour , a line drawn through cither of the intersections and the given 
point Will have the required inclination 

Tofndthe inlersection of two planes — Produce, until they meet, two or 
more Contours, haiing corresponding Jeiels of each , the line joining the 
points of meeting will be that of intersection If the Contours of the two 
planes be parallel, their intersection will be known if one point lO it bo found , 
assume a third plane , mark its intersection with each of the others , the 
meeting of the two lines of intersection will be thcTioint-songht 
The interseclion of the 
/lon^ontaU of any plane 
with the Contours if a 
pit en surfacentcorrespond 
tng lerels, thcwt as in fig 
3, irAat part of such «ur 
face rises above Oiai plane 
To fnd the plane pass 
mg through a gnen lint and 
tangential to a given sur 
/ace— Wb^n the Ime is 
inclined, mark (producing 
It, if necessarj ) the pomta 
haring the same loel as 
the Contours of the given 
surface as infg 4, Plato 
\I and draw from each of 
these points a tangent to 
the Contour on the same 
loel with It , the tangent 
which forms the smallest 
angle with the lower part of the giten line will be a horizontal of the plane 
If the given line be horizontal, draw a tangent parallel to it to each Contour 
of the given surface , trace through any point in the given line, as in fig 
S, a line cutting (he tangents drawn to tho Contours of the surface , set off 
upon the given line, beginning from the same point, distances proper 
iioned to the several differences of level between the line and each Contour 
(when the vertical interval is constant, this is mcrelj setting off equal parts) , 
to these points of division apply the numbers of the several Contours the 
first point assumed having the level of the ginn lino j join each with the 
point where the line drawn cutting the several tangents intersects that having 
the corresponding level , the line making the smallest angle with the given 
line, on the side where the numbers apply to the lowest lerels, meets the tan 
gent through which The required plane must pass. 

In tracing and lurreying the Contonrs of ground the following process may- 
be idoptcd —Complete the survey of the occupation of the ground, the 
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stmun.s &(\; and dotormino carefully the altitudes of tlic trigonometrical 
points employed aiiovc the intended place of comparison. Take an accurate 
(race from the plot of one of the triangles, ndiich, if the distances between the 
Irigonometrical points are properly proportioned to the scale of the plan, will 
generally be a convenient piece in point of size to Contour. Take this trace 
to tlie ground, and find iipon (he gi’ound, and mark upon the trace, the 
points whore each of the intended Contours will cut the boundary lines 
of the triangle. 

Suppose the level of a trigononietrical point A (fig. C, Plate XI.) to be 273i 
feel, that the ground is falling towards B, and rising towards C, the third angle 
of the triangle ; if the Contours are to be at 5-foct vertical intervals, 270 feet 
will be the level of the next below A, and 275 feet of the next above A ; the 
surveyor therefore must find a point 3i feet lower than A on AB, and another 
1 i foot higher than A on AC. 

Put up a Theodolite near A, and using it as a level, read the levelling staff 
M’hen it is held at A ; add 3^ feet to this reading, and send the staff along the 
lino AB until the vane agrees with the horizontal wire of the Telescope ; the 
point where the staff then stands wiU bo 3i feet lower than A, and will bo the 
intersection of the Contour at the level 270 wth the line AB. ■ 

To find the first point on the line AC, diminish the reading at A by 
foot, and send the staff towards C, in like manner. 

It is most convenient to mai’k the intersections of the Contours with one 
boundary line at a time; if the ground be falling along that line, after a point 
in a Contour is fixed, add the intended interval between the Contours to the 
reading on the staff at that point, and the place where it stands when the 
vane agi’ecs ndth the horizontal wire of the Telescope of the insti'ument udll 
bo a point in the next lower Contour; and so long as the staff will admit the 
addition of the interval, the successive Contours may be marked without 
moving the Theodolite ; this would be the method in proceeding along AB, 
prom A to the level 200. If the ground be rising, choose a place for the 
instrument as much above the last point fixed as will bring the Telescope 
nearly on a level with the vane when raised to its highest position, or with 
the top of a levelling staff wthout a vane ; and then by continually deduct- 
ing the interval, the intersections with the line of several Contours may be 
marked after each removal of the instrument: this would be the process from 
the level 200 to B. 

The levels of the trigonometrical points check the above operation, and if 
after marking all the points along one of the boundary lines, it is found that 
the position of the last is incorrect with reference to the assigned level of the 
neighbouring trigonometrical point, the cause of the error should be ascer- 
tained, and the error corrected before proceeding further. 

To trace the Contours between the points established • upon the boundary 
lines, put up the instrument at some point easily fixed upon the trace, from 
which at least one end of the portion of Contour to be traced can be seen, and 





neither yx» high, nor too lofl , to permit the staff being read « hen held upon 
the Contour Send the staff to the visible eTtrcmit^ of the Contour, aud read 
the level , move the staff in the direction of tho "Contour, and every point 
whore the same reading is obtamed, with the same position of the instTumcnt, 
will bo a point in It. ^Vhen as many points hare been fixed as are necessary 
to trace tho part of the Contour visible from the instrument, take the angle 
between tho last point fixed and some point given m the trace, unless the 
situation of the last point is known by being close to some object given 
in the trace , laj down the direction of tho line from tho instrument to the 
last picket, cham the line, fixing the points of Contour by offsets, as they are 
successirelj passed, and add the work to the trace as it proceeds. 

Thus if the true instrument be placed at^(fig 6) its position may be fixed 
bj measunngits distance from each of the pickets marked 260 and 270, the staff 
being read, or adjusted when held at 270, maj be moved toy. A, t, and 270 
(as a che^) in the boundary line B C, the exact place for the picket at g. A, 
or I, being determined by moving the staff up or down the slope until the 
reading on the staff is the same as at S70 in the line A B 

inUi the same position of the iastnuneat, }t the staff be about 12 feet m 
length, the points f, m, n, m (he Contour 265, and the points o, p, ?, in the 
Contour 360, ought be established, the staff being read, or adjusted at the 
picket 2CS, before U is sent along the former Contour, and at the picket 860, 
before it is moved along the latteri by measonog the line /, k, these points 
may bo dctennloed by ofBets, aud the Contonrs drairn upon the trace 
From (he same point also, all the pickets required to describe the Contours 
having tbe levels 260 and 265, and lymg wholly within the triangle, may be 
fixed, since the Telescope of (he instrument would be higher than the summit 
they snrround; end by measuring the bee f, f, these Contours could be added 
to the trace 

It is not necessary to trace every Contour instrumcntally if the Contour 
275 Las been thus traced, tho two between 275 and 260 can be added very 
correctly by the eye while the CoDtour 360 u being traced, by judging each 
time a picket of the latter is fixed upon the trace, how the interval should 
be divided to accord with tbe appearance of the ground. 

Kcithcr IS it alw ays necessary to fix (be position of tho instrument, for tho 
pickets may often be surveyed without messunog from it t but wherever angles 
are Used to set-offthe measured lines It IS necemrj, and maj be considered 
the general role. 

A single position of the iostrument wdl seldom trace a Contour, — fences, 
Ac., as well as the form of the ground, preventing It. If tho instrnment were 
placed at r, to trace the level 255, tbe last picket would probably be at a, tbe 
angle between the corner of the bouse, II, and the picket, t, might be observed, 
protracted on the trace, the line measored, tbe several pickets as far ns s added 
t<f the plan, the inttrument removed to a, and the Contour cornplcfed. 

3 « 



But the instrument miglit, in the case represented, he placed near s, its 
position being fixed, if necessary, by measurement from any of the points re- 
cognized on the trace, ns the angles of the adjacent fence ; from this point the 
u'holc Contour could be traced, neither buildings, fences, nor other objects 
intervening. 

If the triangle be very large, and the Contours inconveniently long, it may 
easily be divided, and a dividing lino should, if possible, be chosen running 
along one of the ridges of the ground ; for the ridges afford the best sites for 
the instrument in tracing ; and the ridges and valleys are convenient situations 
for chcch lines, because those measured to survey the pickets having to change 
their direction in crossing them, can then bo closed upon points already fixed. 
The line TV would bo a good dividing fine in the figure, running along the 
ridge on vvliich the point s is marked, and fi.xing tvv'o points in each of the 
Contours of the summit within the triangle. 

If it bo required to Contour a single feature of ground, not as part of a large 
aurve}', but for some particular object, run lines from the summit along the 
several ridges of the ground, fix upon these lines the points where the Con- 
tours will intersect tlicm, and trace, as above, the Contours between them : if 
the number of check lines be too few, run them in the valleys also. 



CHAPTER XXV. 


Ok the Recess, or Office Ddties of a Revenue 

SURVEV, — Preparation and CojirLETiox of Maps 

AND Areas, Reduction of Maps, StC 

IIavino described in the previous Chapters the several 
operations in the Jield, and tlio extent to which the results are 
there perfected, it is now neccssaiy to particularize the equally 
important and laborious duties connected ^7ith the office, as 
pursued in the recess montlis, which, forming a considerable 
portion of the work to bo accomplished within the year, 
requires no little tact and method to ensure its completion cro 
a fresh season demands the attention of the Surveyor. 

The recess in Bengal, already alluded to at page 310, com- 
prises tlic months from 1st of June to the middle of November, 
the rains generally driving the survey parties into the station 
or cantonments about tlic former dates, whilst the state of the 
country prc^ ents an earlier assumption of field duties tlian the 
latter named period, or even the 1st of December. In the 
North-Westom ProAinces, little can bo done in the field in 
May, wliilst the recess terminates as early as the 1 5th October, 
by which time the countr)* and climate is very favorable for 
ncli\e operations. During these months, the Surveyors and 
their establishments arc cinplojed in putting the ficld-nork 
into a complete and tangible form, and preparing the several 
records and documents called for by Government, it being 
both expected and exacted, that the whole of the maps and 
ealcnlations of one «eason bo duly lodged and fiirmshcd to the 
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respective authorities, prior to tlie commencement of another 
season’s work. 

Tlie office duties of a Revenue Survey may be divided into 
the foIIo^Ying heads, and in this order we propose alluding 


to tliem : 


1. 

Computing. 

2. 

Checking. 

3. 

Plotting 

4. 

Compiling 

5. 

Drawing 

6. 

Reducing 

f. 

Copying 

8. 

Colouring and 


Hill shading 

9. 

Printing 

10 . 

Finishing 


1 1. Comparing and 
Examining. 

12. ' Filling in Village 
Plan Registers. 

13. Formation of Per- 
gunnali Volumes, with Al- 
phabetical Lists, 8fc. Sfc. 

14. Division of labor. 


In Chapter X., page 302, we have detailed the mode of 
calculation pursued, by the sj'stem of co-ordi- 
. Computing, nates obtained from the sine and co-sine of 
tlie angle, which the side makes with the 
meridian of every line surveyed, and shown that there are 

certain proof columns of the Traverse Table, to which every 

♦ ^ 

circuit must be rigorously subjected at the time of survey, 
so much of the Traverse Table (columns 1 to 9, page 
301,) being complete, the field-work is deemed satisfactory, 
and the remainder may with safety be left to any sub- 
sequent period. The plotting column^ 10 and 11, or dif- 
ferences of latitude and departure, are then worked down 
for the purpose of laying down the survey on paper and 
it has been shown, that where the N., S., E. and W, columns 
are proved, the protraction of the survey is certain and beyond 
all doubt, by means of columns 10 and 1 1 which likewise prove 
themselves, by coming out 0 — 0 or by the last differences of 
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latitude and departure, coinciding with the same items in 
columns 6 and 8. ‘The three last columns 12 to 14 are entirely 
for the area, according to Uio rules previously laid down, but 
for tlieso there is no check and tho products obtained from 
factors of five places of figures incorrectly calculated, would 
vitiate the area of the fi^rc. 

Accurate areas forming ono of tho chief objects of a Revenue 
Survey, every precaution is necessary to ensure this object, and 
to record them in such a clear and distinct manner that they may 
always bo made available for easy reference, by the authorities 
of a DistricL Tho products, therefore, after being carefully 
worked by ono assistant, require to be checked by another per- 
son, cither by an independent similar calculation by common 
multiplication, Or by means of a Set of Tables lately published,* 
tho object of which, as stated in the preface, is to simplify 
this calculation, and to effect, by a short addiUont what is now 
obtained by a long and tedious multiplication, os exemplified in 
the mode of finding areas by tho Universal Theorem.” When 
it is remembered that for every line measured, however short 
it may be, a product has to bo worked in one village for that 
line, and also ono in tho adjoining village for tho samo line, it 
may bo easily understood that where in a season’s work of 
some 1,500 to 2,000 villages, 30 or 40,000 separate calculations 
have to bo made to obtain tho area, errors will occasionally 
creep in, notwithstanding every cara 

Tiic products having been worked and compared, it remains 
to place them in the Table in their respective columns, positive 
or negative, according to tho rules laid down in Chapter IX. 
In this step there is also a chance of error and it is obvious that 
any product misplaced" vitiates the total area by a sum equal 
to double that quantity. 


• itoltipLcation Titles from ono link to one hoadred Chsins. compiled for 
lt« BM of the IlcTeone Surrey* ia Indix. By » Rerenno Surreyor, Cal- 
cutta. ists 
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TJic correct areas of all the right lined figures^ or %tntliin 
^talion lines, having thus been computed^ the offsets, or quanti- 
lies subtended by the sinuosities or irregularities of the bounda- 
ries within and without these station lines, remain for considera- 
tion. Tiiese jnay be calculated as jdvecied in Chapter V., 
and the results of cacli side of a circuit common to two vil- 
IngcSj or as it is called between each tri-houiidary duly recorded 
on the rough office map^ additive for one \dllagej and subtrac- 
tive for the other, each tri-boundary bSing completed, the 
balance area of offsets for the entii'e village circuit is at once 
obtained, and being applied to the Traverse area, according to 
its proper sign, plus or minus, leaves the true contents of the 
village. The advantage^ of noting these computations for off- 
sets on the rough map, or chudder as shown in Plate VI., 
page 336, is, that the ej^e is able immediately to detect any 
error in the sign of the quantity, for instance, on the tri-boun- 
dary J to B of Mahmoodpoor, it is evident that the 14 acres 
must be minus for that village. It also greatly facilitates 
future reference, and enables the Surveyor to apply the proper 
quantity for a line common to any two villages without 
additional trouble. 

The computation of all small parcels of land, as interlaced 
portions of estates and villages, varjdng from one to 20 acres, 
as well as of the several details within the village, is always 
performed on the paper by scale and compass, or by the Talc- 
Square, and is sufficiently accurate for the ’ purpose re- 
quired. 

The 'main circuit Tables being complete, the values of the 
co-ordinate distances of each tri-boundary are extracted, and 
separately recorded, for the more ready protraction of the 
extreme points of a pergunnali or main circuit, the length of any 
side being compared with the same data taken from the computa- 
tion of the adjoining Traverse, the discrepancy (if any) must be 
corrected by proportion, and iiithis way the chief tri-boundary 
points of all the internal circuits of a survey, and the same for 
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the circuits are duly prepared, as a guide for the com-r 

pilcr of the district or general map, and by means of .which 
ccKirdinato Tables, the ralno of the protractions is greatly 
enhanced. . . > 

TJiese co-ordinates, as well as for all remarkable places and 
conspicuous objects, are also calculated from one original station 
or point of departure for the entire surrey, to which they aro 
rcferrible, with the numerical data of any of the grand trigo^ 
nometrical stations which may exist in the part of the country 
under simvcy. It is usual to rcconl this information in n 
Tabular statement on the pergunnali maps, ns shown in Plato 
X., and likewise to prepare a general Table of the mathematical 
results of all the main circuit computations, detailing the ratio 
of error actually met in the angular and linear measurements, 
the dificrenco between the deduced and observed azimuth, as 
well as the per centago of error between the areas. 

After the area of the figure is thus recorded, by taking 
half the difference between the sums of tho 
Cbcckiog;. North and South products, another test is 
applied, by resorting to the Tidangulation 
of the plot, either by reducing tho Polygonal figure into 
one triangle, as sho\>'n in Problem 34, page 9?, and which 
is an excellent mode, and the one generally adopted, or 
by dividing the figure into trapezia and triangles, and so 
find the area of tho whole, by scale and compass. Tho 
area hy 7r}<3:fgahtk^v hi? t)i& T/^re:^e 

ter Form, so tliat tlio diflcrence between the two results, may 
be seen at ono view; the discrepancy will seldom exceed half 
per cent, and should it be more than ono per cent, tho product 
columns must bo carefully revised. 

Another very expeditious mode of chocking these village 
areas, isbyraeans of thcTalc Square, as described in page 267, 
the squares being divided off into 4 acres instead of one aero 
each. With a little practice and care in balancing the irregular 
boundaries, the area of .any figure of 500 or COO acres will 
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thus be obtained ’vvitii great nicety^ and correspond with the 
Traverse area w'ithin half per cent. 

Botli the vilJage and the main circuit Traverses are worked 
out in tliis way, and tlie latter comprising 200 villages perhaps, 
or up\N'ards, the aggregate area of tlie whole should coincide 
within one per cent of tlie summation of the several contained 
circuits, between station lines, and this forms another admi- 
rable check, and tends to place the superficial area of the dis- 
trict on the most accurate possible footing. 

Although there is much work to be plotted in the recess, 
still some portion of it is done during the field 
Plotting. season, as mentioned in Chapter XIII., page 

345. The first protraction of the village cir- 
cuits on the scale of 4 inches to the mile, should be made as 
soon after the survey is completed as possible, and a good Sur- 
veyor, who has his subordinates well in hand, will always have 
his rough office sheets or chuddet's well brought up, before retir- 
ing for the recess. The first thing to be looked to is the entire 
completion of the chudder map. As soon as the circuit station 
lines are protracted, according to the method laid down in Chap- 
ter VIII., j)age 287, the boundary offsets have to be applied 
either from the Field-books, and regularly plotted from the chain 
distances, or transferred from the rough field maps of the detail 
Surveyors, (conunonly called peta naps,') as described at pages' 
345 to 349. Each Pergunnah or main circuit probably com- 
prises 10 or 12 of these chudders or sheets, covered with a 
certain number of circuits, and the paper being carefully ruled 
into squares of 80 chains each, the labor of protraction is 
greatly diminished in comparison with having to lay down 
each village on its own separate register sheet, the village 
boundaries are inserted with a clear well-defined line. 

So much of the plotting refers only to the Village plans, in 
addition to which Pergunnah plans are required, on a scale of 
one inch to the mile, in the prepai’ation of which the utmost 
care is required, in laying off the co-ordinates for each triple 
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lounJar}’, in tlic first instance on a sliect of drawing paper, 
duly prepared ^Yith squares over its entire surface or co-ordi- 
nato lines of'5 indies cacb, for facility of scalo and to obviate 
the necessity of extending tlic compasses beyond that length. 
Tlicsc lines representing tbe meridians and perpendiculars of 
tbc map, the distances from the main circuit traverses aro laid 
off parallel thereto, and witli two pairs of common compasses 
and a diagonal scale, tbc circuit may bo protracted with groat 
rapidity. One pair of compasses being kept for distances on 
the meridian, tbc other for distances on tbe perpendicular. By 
reducing the circuit station lines to a few, for tbe first closing, 
and thus fixing the salient points in tbc first instance, the 
chance of error is greatly diminished, and the intermediate 
stations may bo more truly placed than by any other method, 
as so truly remarked by Hutton. 

In protracting main ciremts on the scale of one inch to the 
squares of 5 inches arc most convenient, because one 
inch being equal to 80 chains, cacli square will represent 400 
chains ; if a diagonal scale is made on the paper by taking 
5, inches from a Gunter’s scale, or other standard measure, 
and dividing it off into 4 equal parts, and the leA band 
division again into 10 equal parts, each larger division will 
equal 100 chains and each smaller one 10 chains, on the 
scale of one' inch to 80 chains or one mile. With such a 
scale it is only necessary, in the plotting columns of the main 
citcttil traverse, to remove the decimal points one place to tho 
IcA band and take the distance required off this scale, reckon- 
ing each larger division as so many ten's of chains, and each 
smaller one, as units, thus — 

Given the co-ordinate distances to be plotted N. 224*80, 
-R' 358*C0, remove the decimal point one place to the left 
hand, and lake off the scale N. 22*48, and E. 35*8G, ^^hich in 
value will bo equal to the former. 

Mlien the plot extends beyond the first or second set of 
squares 40 or 80 mu^t be deducted from the quantity to he 

3 T 
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plotted and tlic balance laid off from the second or third 
meridian, as the case ma}'’ be. Tims to protract S. 864*50, and 
Ay. 982*40, rcniovij)g tlie decimal point will giro S. 86*45 and 
W. 98*24, and deducting 80 from each, there will remain 
S. 6*45, Ay. 18*24 to be laid off from the 3rd meridian and 
^perpendicular South and AVest of the first station in the series. 
It will thus be seen that correctness of the relative situation 
of all the station points is entirely dependent on that of the 
squares, the greatest care must therefore be taken in drawing 
them. Til? best instrument for the purpose is a good wooden 
beam compass, and the squares should be tested by measuring 
and comparing the diagonals in every way until they are per- 
fect, on attaining which they should be inked in at once, 
and never erased from the plan, and it is a standing depart- 
mental rule, that no pergimiiah or general map be received in 
the Sui’veyor General’s Office, without these co-ordinate lines 
are distinctly defined. 

The basis of the map being thus firmly established, the most 
convenient and prominent intermediate stations are easily ^ 
perceivable from the 4-incli chudder map. These are then pro- 
tracted from tlie traverse data, together with all tri-boundary ^ 
intersections of adjoining pergunnahs on the 1-inch map 
commencing at the first station of the survey, and will form 
ample data, for tlie purpose of filling in the intervals of the ex- 
terior boundary of the pergunnah, which can he pez’formed by 
pentagrapli, reducing the same from the larger scale map. Too 
many survey stations plotted on so small a scale, especially if, • 
the lines liappen to he short, only tend to confuse, the map and 
prove an impediment to that clear definition of the boundary, 
which is the chief point to be attended to. 

The pergunnah map on the 1-inch, and the village mtip 
on the 4-inch scale, form the only retmms required of Survey- 
ors, with the exception of an i?zde.v sketch or outline of the 
several circuits surveyed during the season, whieffis given on 
a scale of 4 miles to the mch. This is intended as a mere guide 
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to the compiler find explanatory of the annual report. The pro- 
traction of tlio soTeral tri-houndary points is easily performed 
on this scale from the co-ordinato Tables, and the remainder of 
the sketch is filled in by the pentagraph. TJiis sketch has no 
pretensions to accuracy as a permanent record, and is super- 
ceded iramodiatcly tho General Map is compiled in the Surveyor 
General's Office. 

Tho Great Trigonometrical Survey's principal points are 
similarly laid off by differences of latitude and departures, as 
^vell as all other conspicuous objects, tho co-ordinate distances 
of which have been calculated, and form so many* fixed points 
on which to check tho compilation of the materials into the 
General Atlas. 

The whole of tho groundwork or basis of the maps having 
been thus completed, from the materials fur- 
nished by tho angular measurements of tho 
boundary Surveyors, tlie interior topographi- 
cal items remain to bo compiled into the General Map of tho 
Pergunnah. Tliis division of the work wc liavo already 
shown at pago 340, is invariably plotted in tho field on the 
drawing boards as each village details arc surveyed. In 
incorporating them into tho citudder map, either by pricking or 
tracing off, tho accuracy of tho work may bo cliecked by com- 
paring tho several points of intersection of rivers, roads, villago 
sites, &C., with tho boundary, as produced by the Theodolite 
survey and the same items ns bronght in by the interior assistant 
or jiTximaixc torngasi survey. All objects of geograpliical inter- 
est, aro of course observed and noted, when within reach of the 
boundary Surveyor, oltliougli not given out on the board with 
the station lines, and tliis acts as a check on tho other party. 
"NVlicro doubt exists or discrepancies arc apparent, it is usual 
to rcpiot tho interior w’ork from the bearings and distances 
recorded on the peta nap. Tlio whole of this ivork is neatly 
inked in on tho chudder, which is then ready for transfer to 
the village register sheets, or redaction for the i>ergunn3li 



map oil one-fourth flic scale, vk one inch to tlie mile. On the 
completeness oi tlio original oflicc large clmdder, depends the 
value and accuracy of the pergunnah map, and consequently 
of the general rlisf rict coin])iIation. Great care is therefore to be 
olisorved, in seeing that all remaricabic and conspicuous 
objects are clcnvly defined and the larger or more populous 
towns and villnges distiiigiiislied by tlie style of printing speci- 
ally laid down for that purpose. It slioulcl bo the dutj’- of the 
.superintending officer to examine the clmclcler most closely, 
and sec if all the bazaars, ghats, ferries, factories, tliannalis, 
police stations, and temples, &c. &c., which may exist in theper- 
gunnali arc entered, and regarding which he ought to have 
copious notes in his own Diary, made whilst traversing the 
countiy and mthoiit which he can never properly, correct his 
assistant’s maps. If every item is thus clearly inserted in the 
original protraction, it will save an infinity of trouble and 
time when omissions are detected and a reference to various 
Field-books become necessary. The names of all tlie village 
circuits arc written in very legibly across the circuit, together 
with all tlie other places, rivers, nullahs, and names of adjoin- 
ing villages. The tri-boundaries are also marked with a 
diverging line. Tlie number of the traverse calculation as 
likewise the ihdhhnst number should be recorded, tlie former 
above the village name, the latter beloiv it, for facility of 
reference. 

The survey stations of the main or exterior circuit of the 
pergunnah are printed in Roman capitals, to distinguish them 
from the interior circuit or village stations which should be in 
small italics. 

All these several items should he drami as neat, exact, and 
correspondent to their actual figure and dimensions as possible, 
and they should be represented in such a manner as to imitate 
the natural form and appearance of things, so that on a slight 
view of the character, its significatiou may be known from its 
being expressed similar to the lilce signs in common life. 
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TJio origin'll rough or office map being thus prepared, ro'ito- 
rially 'issists in tho completion of the records of 'i sun c} I’lio 
drawing of tho village maps on tho register sheets is then 
easily cficctcd, the work, being mere copjing, can bo entrusted 
to the natnc assistants, as alluded to under tbc head of 
cop} mg 

The several sheets or sections of the chuddor, comprising a 
Pergunnah, arc now to be compiled and reduced into the Per- 
gunnah map, tho sc^ era! points and tn-bouudaiicshaMngbcen 
duly fi"cod by protraction, each section of the 4-inch map, is 
applied, commencing at one*side or end of the 1-incli Pergun- 
nah map, and the a\ hole of tho materials taken off, by any of the 
usual modes of reductions, subsequently explained As soon 
as tho whole content of the Pei^unnah is reduced, tho bounda- 
ries of tho Milages should be inked in first, uith a moderately 
thick but clear line, taking care to use tbc Indian ink fresh 
nibbed doun, otherwise in tbc coloring jt uill run The 
riicrs, nullahs, roads, iiJJagc sites, &c. may then bo inked in 
with fine strokes, keeping in %icw tho style, and degree of 
oxcellcnco required, in tho appearance of tho map \\hen 
finished 

Tlio usual and most convenient modo of reducing, or enlarg- 
ing plans from one scale to another, is L} the 
Hcducjog Pentagraph, as described at page 228, and all 
Ko\cnuo Survc}ors being proMded with this 
useful instrument, this mode is adopted in preference to that 
by squares or b} proportional compasses, which latter arooni} 
suited to uork of a aery limited extent As remarked by 
Adams, in the Geometrical Essays, ** there is no mctliod «o easy, 
•>0 expeditious, nor even ^o accurate -is tho Pentagraph , it is an 
instrument as useful to the experienced draftsman, as to those 
who liaa o made but little progress in the art. It saa os a great 
deal of time cither in reducing, enlarging or copying of the same 
Sire, giiing the outlines of an} drawmg, honcicr crooked or 
complex, With the utmost exactness, nor is it confined to an} 



|jnj*firn)nr kinrl, buf may, with equal facilify, be used for copy- 
ing Hgurcs, plans, ncn-chavls, maps, profiles, landscapes, &c.” 
If flic pcrguniiali map be so large - that it cannot be brought 
within one setting of the instrument, tlirce or more points, 
coimnon to the sejiaratc slieets of tlie original plan, must be 
marked, and made to correspond witli the same on tlic copy. 
Tlicso I'joints serve to fix the Pcntagrapli towards the interior 
of the map. 7’lic fulcrum and copj' may then be removed 
into such situations as to admit the reduciim of the remainino- 

O O 

part of tlio original; first observing tliatwlien the tracing 
jioint is ajiplicd to the three points marked on the original, the 
pencil falls on the three corresponding points upon tlie copy, 
and thus, by repeated sliiftings, a Pcntagrapli may be made 
to copy an original of ever so large dimensions. 

To reduce or enlarge any figure or plan from one scale to 
anolbcr mechanically by means of squares, it is only necessary 
to divide the original plan by cross-lines into as many squares 
as ma}” be thought necessary, and then dividing the paper on 
whicli the copy is to bo made into an equal number of squares, 
either greater or less, as the case may be. Draw by the band, 
or with the help of proportional compasses, in every square, 
what is contained in the corresponding squai’e of the given 
figure, and bj’ these means a A'cry exact copy may be obtained. 

It is absolutely necessary to show on the 1-inch maps all 
the villa 2 :e boundaries. The amount of work to be reduced 
therefore becomes very extensive, the inflections of the boun- 
daries being so extremely tortuous and intricate, and without 
the Pcntagrapli the work, on a Revenue Survey, could not 
well he completed within the time allowed. TJiere are other 
modes of reducing and enlarging plans laid down in Adams’ 
Essays and other works, which we need not enlarge upon here, 
but refer the reader to that work, if further information is 
required. 

The process of enlarging drawings is a similar operation to 
reducing ; the points being determined in the smaller squares 
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of the original and transferred to the larger squares of the 
copy, or by renioaing the tracing point and pencil of the 
Penfagraph as beforo directed— but the process of enlarging, 
under anj circumstances, does not admit of the same accuracy 
as that of reducing, and nhilc the Pentagraph affords the 
most ample means of reducing a plan, it cannot bo recommended 
for enlarging a cop}, or oicn copying on the same scale In 
the Sur\ey of a Ton n, Cuil Station, or Cantonment, which is 
aluajs required on an enlarged scale, the work must be 
specially plotted for that scale, and ne\cr transferred from 
a smaller one 

To produce a copy of the same size as the original Lay 
the original drawing upon the sheet of paper 
Copying intended for the copy, and fix them together 
b) means of weights, or drawing pins,* and 
with a fine necdicf prick tlirough all the angles and pnncipal 
points, so as to mal c corresponding punctures m the paper 
beneath Draw upon tUo copy sucli of the lines on the ongmal, 
as are all straiglitor nearly so, by joining the points thus mark- 
ed upon the paper Set off such other curved lines by means of 
compasses where ncccssary,or dnw the curves on tracing paper, 
and transfer them to the copy by means of rubbing the back of 
the tracingpaper with powdered lead, or by rubbing a soft pen- 
cil over the lines, then placing it m its correct situation upon 
tho copy, and passing a blunt tracing point over tho Imcs 
draw u upon it. By means of tracing paper and black leads, and 
tbe tracing point, an entire plan may easily be transferred— -but 
tho usual method is with a tracing glass which will be found 
in all Surveyors’ Offices. Iho glass fixed in the wooden 
frame to elcv ate or depress at pleasure, is placed in such a 
position before a window, as to have a strong light falling upon 
it from behind and shining through it If the other doors or 


• Th<» flrawmg yji conjiiis of • bnuu beid with a ftoel po nt at ngl t aa- 
glf* to it* plani^ 

t Tbr pojil i* d«cnbrtl at i*a5? 200 
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\vin(lows in llie room arc dosed, and a curtain Iiiiunf from the 
top of the Y.'indow to rest on tlic top of tlio glass, tlie original 
drawing becomes distinctly* visible tlirough tliick drawing 
paper placed over if, and pinned at the four corners. A copy 
may thus be made with precision and ease, u-ithout any risk 
of soiling or injuring the original. 

The ])rncticc on the Ecvcniie Surveys is, when the original 
Pcrfntnuah map is complete, to trace off the duplicate copy 
intended for the Local Civil Authorities through the glass, 
omitting merely the station lines of the Surve^^ which are not 
required except for professional purposes. JTor the village 
map it is necessary to transfer the plan, from a large sheet 
containing many village circuits, to a single lithographed form, 
with a statistical Register and area statement heading as 
shown in Plato VIII. The first copy therefore is generally 
pricked off for the convenience of handling the maps, and 
when this is complete in every respect, the second or Collec- 
tors copy is traced off, on a similar lithographed register sheet 
The contents of the cliuddnr map are thus taken off piece- 
meal, village by village, until every circuit is transferred to its 
Register sheet, on the back ofwliich the traverse proof and area 
calculation is duly inserted as shown in the specimen plate 
Avhicli is an exact and complete copy’- of the survey of a 
village in the North-Western Provinces, and represents pre- 
cisely the mode of making up and perfecting these records on 
this side of India. This copying is generally performed by 
the native assistants, each sheet being very carefully compared 
and examined with the original, by the assistant who affixes 
his initials to it. 

The skeleton map having been thus completed, and the 
outlines of all the topograyDhical details care- 
Coloiiring. fully drawm in inh, the next step is the color- 
ing, which may be commenced by laying a 
broad wash of a light shade of any color along the external 
edge of the pergunnah, washing ofp the color gradually 
towards the interior. This shade can be deepened to the 







fancy of the Surveyor by continued coats until the re- 
quired depth is obtained. Then proceed to color the village 
sites, rivers, roads and every other item according to the depart- 
mental practice as laid doum in a list of references (Plate XII.) 
given elsewhere, and to which it is essential, for tho sake of 
uniformity strictly to adhere. In laying on the color for 
rivers and other items, the coats should be, in tho first 
instance, very light, and repeated gradually until of sufficient 
strength, for by these means softness and roundness is attained, 
whilst .a thick heavy shade laid on all at once, never can 
produce a proper tone, and looks extremely bad. For water, 
J^russian Blue is invariably to be used instead of Lidigo, as 
being of a brighter and clearer color. For very highly finished 
maps Cohalt is very cficctivc, but being an expensive color is 
seldom used. High roads, metalled, aro represented with a 
strong streak of Crimson Lahe, (or Carmine, which is better) in 
contra-distinction to village roads and footpaths in Burnt Sienna, 
Tho exterior edge or limbs of thcpcrgunnali or other subdUi- 
Bjon is then defined by a dark narrow streak, winch throws out 
the feature into good tehef, but care should be observed in not 
making this color loo darh, and thereby confusing tho actual 
line of boundary, and rendering copying or transfer difficult. 
When several pcrgunnalis are on one plan, tho different 
shades of color sljould contrast well with each other, so that 
each division may bo distinctly visible to the eye. Plate X- 
represents, as well as a Iithogr.ap]icd drawing can do, tlio 
styfo of coloring for a pcrgunnali map, and Plate 'NTII. for a 
Aillago map, but no lithographed map can equal tho stylo 
of a good manuscript drawing, and the plates in question 
- arc given more to show the form and stylo of record, than 
as specimens of topographical drawing. Beginners should first 
bo taugbt to lay on flat sh.'idos of color, and to bo cautious in 
not overstepping tho edges of the part or item to bo covered, 
and then to wash off a sloping shade and to apply tho 



Dot to bo absorbed on iho paper before the water brusli can 
be ajijdicd for softening down, and so prevent what is usually 
termed a a// shade, and wliicli is a great eyesore on any 
drawing. In executing this description of work, two brushes 
on the same stick arc employed, the color brush on one 
end, the water brush on the otlier. 

“Of llio methods of expressing upon paper the various 
objects which the face of a country presents, and 

I fill Klmdiiig:. tliat arc required to be delineated by thd topogi’a- 

pliical draftsman, the drawing of hills demands 
the most serious attention, it is by far the most difficult art in 
plan drawing, objects liaving elevation can only be expressed 
upon a flat surface, by means of shade or by being thrown into 
relief, tlic appearance of which can only be given in a ground 

Non:. — In using cnlcc colors, you must dilute them -svitli softvatov, obsevring 
to mix them inlimntely togctlier, till the desired tint of color has been obtained, 
then with a bnish in proportion to the size of the space 3 'ou are going to color, 
apply the wash steadily and quicklj’ : but do not suffer the proper limits to be 
passed, nor a greater quantitj' of color to be used tlmn will evenl}’- cover the 
space ; as, when too much is used, it is liable to settle in particular places, and, 
bj' making deeper tints in one place than another, the work -uTill appear cloud- 
jcd. You should also observe not to allow any two limits of the same color to 
touch each other, aud endeavour to distribute j^our colors so as to produce a . 
pleasing eflect on the whole ; but that taste which quickly perceives excellen- 
cies or defects, so as to be soon delighted with the former and disgusted -ndth 
the latter, must assist j'ou in distinguishing and discriminating the most 
strildng methods of giring tliis finish to your maps. The water should be 
colored last, with a verj^ liglit wash of verdigi-is, and if it is not very expe- 
ditionslj' laid on, it will be clouded and offensive to the eye. The map should 
be damped with a clean, moist cloth, laid over it for a few minutes previously 
to coloring the water. And should you hare occasion to color a printed map, 
the colors may be kept from sinking, bj' wetting the back of the print noth a 
solution of four ounces of roach alum in a pint of spring water, allowing the 
paper to dry from the water, before the colors are laid on. This will not 
only prevent the colors from sinldng, but give them an additional beauty and 
lustre, and preserve them from fading ; and if the paper is not good, wash it 
three or four times, suffering it to dry between every wash. The printing or 
lettering the names of places, should be done when the colors on j^oiir map are 
perfectly divy. —Jameison's Treatise on the Construction of 3Iaps. 
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plan, to bodies \^•lJOso forms present citber slopes or curves. 
A hill representing slopes can be faithfully expressed on a 
ground plan, so as to convey an idea of elevation to all who 
arc acquainted with the principles of plan drawing, but the 
chief difficulty lies in so cxpWJssing these features as to bo 
enabled to form a judgment of tbeir licight w'hcn compared 
with each other, for it cannot*be determined by the actual 
elevation of any single hill. 

“ Tlio theory, most generally adopted, supposes the light 
to fall vertically upon the hills in parallel rays. In the projec- 
tion, the eye is supposed to be at an indefinito distance, and 
consequently the rays arc all parallel, according to whicli, 
steep slopes receiving those rays at a more oblique angle, than 
more gentle ones do, are therefore illaminated in a loss degree 
than the latter, and must be shown on a plan by a darker 
shade, while such portions of the ground as aro horizontal and 
receive consequently the rays of light perpendicularly to 
their planes, being thus illuminated in the greatest degree arc 
left without shado in a plan; but as It is scarcely possible to 
fix a criterion for the depths of tint in sliading to express 
groitnd, it is idle to suppose that, practically, the shading can 
ever bo so exact, as to enable us to measure by it, the positive 
lieight of a hill. 

**Tho most rapid way of expressing Iillls upon paper is by 
shading with Indian ink or neutral lint For this, two camel 
hair brushes arc used, one to lay on the tint, the other for 
Eoflcning it down, A dexterous hand will thus s{^)ecdny dash 
in, tlic hills of a plan, a proficient with tlic brush or pen, will 
always contrive to throw a certain degree of spirit into lus 
performance, whatever may be the nature of the ground lie is, 
representing, but this is the result of much practice, combined 
with a natural taste for drawing.*** 

"The hills should be sketched lightly but carefully on the 
fair plan, fur much evidently depends upon this.. It would be 

• J*ek»or»** Cotfrsf of Jlilitaiy SorrrTiot’. 
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fruitless to employ so imicli time in the field if we did not 
follow it lip to tlm last. A light tint of Indian ink is to be 
distributed freely along the tops and most elevated parts of 
thoso hills which arc the origin of the underfcatui'es, and soften- 
ed don n into the ravines^ with a brush and watei^ then upon 
tlie next series of levels, and so on until the last imderfeature 
has been shaded. Mniafcvcr parts still want strength are again 
to bo similarly shaded, beginning a little below the first tint 
and thus until it is finislied. If the ground or any part of it is 
iri-egular or rocky, a rougher shading must be disposed upon 
it, as to the judgment of the draftsman may seem to convey 
the best idea of such local circumstances. 

“Tiiore arc two metliods of describing hills, both in the 
field and in the drawing room. One called the vertical, and 
the other the horizontal style, which are, or rather should be, 
peculiar to the pencil or pen j for there is no absolute necessity 
for having recourse to any touches on an Indian ink plan, if 
the irregularities of surface are properly described by shade. 

" In the first method the shade is formed by strokes of the 
pencil or pen radiating from or converging into any curved 
part of a hill, according as it projects or re-enters: — ^they are 
supposed to describe the same course as water would do, if it 
could trickle in streams down the slopes, and are darker or 
lighter according to the steepness of the slope. 

" The other method has the shade formed bylines parallel, or 
nearly so to the horizon. It is much more easy to apply, and 
more natural than the former and lias some claim to particular 
notice from its easy application in sketching and the facility 
with which it may be demonstrated and acquired. The 
Jwrizontal manner marks the Contours of hills by waving lines, 
each line continuing on the same level while following every 
undulation of the ground. In practice, either or both of the 
styles may he used at the pleasure of the draftsman, or as may 


* Treatise on Practical Surveying and Topographical Plan Drawing. 
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Ic best suited to the nature of tlic ground he wishes to 
portra}% 

“ Tiio rays of Uglit being supposed to fall vertically upon 
tlie ground, the degree of shade, used for expressing lulls, de- 
pends on tho greater or less gradations of their declivities, 
tliat is, the more the slope of a ’hill recedes, from the 
horizontal, the darker must be the shade. Although this 
principle may be considered as generally the best, yet 
in making a finished plan of any mountainous region, an 
artist should not bo confined too rigorously in this re- 
spect, for a clever draftsman would then like to throw his 
mountains in what is termed light and shade ; which sup- 
poses tho rays of light to coinc on tho plan from the left upper 
corner; according to which supposition, one side of a hill 
becomes brightly illuminated, while its reverse is cast into 
deep shadow. Attempts havo been made to have the 
oblique light system generally adopted, but it is not suited to 
express tame ground. A kind of compromise therefore sub- 
sists ; thus, wo make the rays of light to fall vertically upon the 
hills, while nil other objects, as rivers, houses, trees, &Cm 
receive it obliquely. This may appe.ar nbsurd, but where all 
is conventional, the contradiction is not felt ns an inconveni- 
ence; generally speaking, the object of giving sliadow to 
houses, rivers, &c.,is chiefly asanmsh,and for cflect,*'* Almost 
universally the shades used by draftsmen arc too dark; and 
in India cspocmlly, the subject docs not receive tho attention 
it demands, and we commend to tho especial observance of 
Revenue Surveyors, the remarks from an able authority 
quoted in the foot note.t The " Caterpillars" therein alluded 

• JaeVson’s Cour^f* of Military Surrcjin". 

t Th**’ difiinilty which inrolmibc representation of all the incqualiiics of 
the p^'po»«^ portion of the earth** •arf.tce, and con wjaentir the features of 
a tnountainou* country Im been rariouJy ^t orer. In the eery old map*, 
a con-reculion of conTcntional each intended to represent a mounUtn, 

Wat Inirodaeed and arran^i so a% to ri’** aoioe iJta of the direction in which 
the mountain lard w as disposeiL Thftse who hare seen rasps, exonjioil on 
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to^ are too common in tlie present day, and from tlie exten- 
sive employment of native draftsmen, the topogi’apliical 
drawings now produced answer most completely to this 
dcsciiption. *lJiis must be the case, as long as Officers in 
charge of surveys, delegate such duties to mere mechanical 
and ignorant copyists, wlio know no more of the principles 
which should guide tlicm in the representation of ground than 
the brush, by the aid of wliich tliey annually destroy so much 
paper. The hilly featimes should invariably be put in, ly 
the Surveyor himself after a careful study of the ground, and 
witliout this personal ex-amination in the Field, it must be 
vain to attempt to give even an approximation to the truth. 
It is evident that a map, to be anj’-thing, ought to be precise ; 
it is otherwise worse than useless. 

On the style and character of the Printing of a map de- 

Printin"- pends its general appearance, as well as de- 
gree of usefulness. The most elaborate topo- 
graphical drawing will be nothing, unless the names of the 


this principle, will acknowledge how very imperfect is the information it gives 
of the inequalities of the ground, either as to arrangement and connection or 
elevation above the general jj/crtcaa of the country. Rude as the method is, and 
destitute ofpi'eciso meaning, I have known many who affected to prefer it to 
the modern method of deep notcldng, which they assert has the effect of render- 
ing a map illegible, without being a Avhit more precise. There is some ground, 
it must be confessed, for forming this opinion, at least if we confine ourselves 
to English maps ; hut those executed on tlie continent do not deserve this 
censure. Ai'rowsmith’s map of India is a splendid example of this cheatery 
of the eye. To form any thing like a correct idea of the surface of India from 
this map, thickly as it is covered in parts -with these " caterpillars," as I have 
heard them called, is impossible. Very often, it noil be found, that what the 
peruser of the map supposes is a high ridge, is in reality a low one and 
vice versa, while valleys are elevated into ridges and these again sunk to 
valleys. A certain quantity of ink has been applied to the paper but to what 
pui-pose, save tliat of blackening it, it w'ould puzzle Odipus himself to say. 
Nor are the maps of other publishers much better, and stiU more extraordi- 
nary I fear, that even to many manuscript maps executed in this country much 
of this censure must attach. Gleanings in Science, volume 2nd, 1830, “ On the 
different methods of shading mountain land, by Delta. 
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places, title, and other emhollisiiments arc jecorded in a cor- 
responding manner, "nith due regard to effect, combined -v^ith 
practical utihty Generally speaking, this is the most diffi- 
cult part of a map to do tceli, and there arc many persons 
who can color and dravrin a superior manner, but who fail in 
prmbng, for this reason the attainments of each assistant on a 
Survej Establishment should be well ascertamed in making 
arrangements for the distribution of the work, and the division 
of labor Tho first principle to be observed m printing, is 
tliat each class of names should bo represented by one uniform 
character Tims erect capitals arc used for capital places of 
tho first order Italic or sloping capitals for places nest in 
order, with 1,000 houses Erect small letters with capital 
prefixed, commonly called roman writing, for large villages, 
contaimng one thousand inhabitants and upwards, or about 
250 houses, and other remarkable or conspicuous objects, and 
small italic writing for common villages under 250 houses 
or ono thousand inhabitants 

Tho great mass of printing on tho body of tho draw mg of 
a map, should invariably be parallel to tho top and bottom 
edges of tho paper, and it is usual to place tho first letter of 
tho name os close to the site as it is possible to bo In addi- 
tion to this it IS generally requisite to have curved lines of 
printing m certain situations, for tho names of adjoining 
districts or pergunnahs, and when judiciouslj applied materi- 
ally adds to tho beauty of the map In tho curved or con- 
torted external boundary of the pergunnahs or divisions 
represented in llio map, the names of tho adjoining divisions 
should bo so disposed as to run as nearly parallel to the 
general outhne ns possible, and when several pergunnahs or 
subdivisions are exhibited on tbo same plan, tlio name 
requires to bo stretched across the space with tlio letters at 
equal ititertalsy to show the extent or connexion of tho same. 

On winding rivers, road«, lakes, coasts, &.C., tho writing must 
bo curved to correspond with tlio thing represented, and tlic 



jirencnil nppcrif.'inro of ail the names and writing slioulcl iiivan- 
nhly lie to face the north end or top of the paper^ so that it may 
lic all legible at one vieug by placing the map before you and 
not upside dowrg requiring the plan to be shifted, before it can 
bo read. 

In very extensive Titles, it is also necessary sometimes to 
insert cui'ved lines, to take off from tlie monotonous appear- 
ance of a number of straiglit liueSj,* but as a general rale we 
dc])rccate Jana/ hicrogh/plncs and elaborately devised i^rint- 
ing which may bo di/ficult to read ; plainness and neatness, 
tends to general utility, and is moreover a great saving of time, 
and ill a large department where one uniform practice is so 
important, it is obviously preferable to follow a style, which, 
the majority of draftsmen can most easily attain, and adapt to 
the work entrusted to them. 

For this reason the stone or Egyptian letter is employed, 
for all names of Pergunnalis, whether on the body of the 
drawing, as adjoining name, or in the title. This style of 
printing being extremely easy to make, while it looks sub- 
stantial and plain, and catches the eye ; for the District names, 
whether adjoining, or title, the open or ornamented stone letters 
filled with a little color, Indian ink or neutral tint a little 
larger than the Pergunnah character, are found sufficiently 
contrasting and distinguishable. These styles are shown in 
Plate XII. on the list of topographical items, or conventional 
signs, which now guide the department. A very extensive 
use of sjnnbolic writing on a map may be confusing, but its 
partial application is not wdthout its advantages in the way of 
significance. 

* Curves may be best formed by one person holding a steel or otbei* elastic 
ruler into the form desired, and placing it udth its edge on the paper along- 
side the crooked boundary. The elastic ruler must be held in this position 
while another person rules or marks with a pencil along it. In this way 
curves of all shapes may be formed -Nvitli the greatest ease, and possessing a 
grace and elegance which is scarcely attainable by any other means. 




topographical items 


fiUf or Toivtij. , 




Vti/a. 


'ffO. 


Jfonti or Tiat^r. 

7* // rlc^/ Fori- 

3fttfl Fori 

J’uokrt JJjpusts 

Fnffcfla. or JliitHoo Tonpl/^. . . 




M.r. 

ta 


in 


1? 


20 


a 


21 


Cbocb aflb 


A. 


'Fliaittmhy . . . , • . 

I’clicr^ Cliow](aj. 

Siffttccl Staff. 

House . 

FuJcaScmaplwrc or Txi^raph. 
jlioimdar^ ^rJUir.SurL-^J’tUar. J 


24* 


JM. 


25 


it I Sal6 0pln7is 




JO Dak Ihm^nlcw 
J1 Iiuixgo Factory . 

12 Silk. .D'- 

in Sugar J)° .... 

14- Bitrial- ffroumt. . . . 


JESCi^ 


28 





Dl . ^^'bodov Fostr . 


Frincipal Staiio7i£ ffike-OTS. 


SrronJarg . J)Z . . . j)Z 


High/ Jload 


Tillage Ft 




Foot Failu 


30 


ASaIA 


31 


IS Fuckay Well . 


JG ILudiay Di 


® 35 


J7 Dep^ Jfagf ondMoonsdri Fuielia-rtj . . 




f/ist iff Colors, med in ikuse Items. 
Indian/ Inlc. Friissian.3luc-Iake/-Zight/Fed. 
Simna^ and/ Gtardtogc-. 

Vrnler is made- trom/ P^Stenno/ andlndiaivJnlc. 
Oehre. .. F- ..D-. .light- Fed- and Oandoge. 
Sreen-.. . Dt .. J9' . Fruesian-'bljte and.. 2>" 


Fail Soad 

Funds. . . 


SrieJge/ Tucko/. . 
• D-. . Wbodav . 

Sluice- Oatc. 


large-Tenvns t/ues j 

2000 douses . . . fLiMBAE 

Sittaller *or \ 

Town^ -fivnt/ iooo I JlSA^CJtO 
tv WOo 7/vuses . . | 

Tlaces anci \ 

VUlages tronv 2£0 iHoomurHant 


to iOOO demses - . . 


TUlciqes under 2S0\ 

douses I Fusstaitpocr 


Stone Capitals j 4^ 


Italic Capitals 


Homans 


Small pant 






537 


The dimeters used for printing tlic names of places and 
things represented on maps, should bear such proportion as the 
rclati\c nnportanco of the objects bear to each other Tho 
title should be proportionate to the size of tho map, and tho 
adjoining names, according to the distribution of the spaces to 
be filled up, so that the whole maj present out unifonn 
appearance C^ery thing ought to harmonize, for ^^hato\c^ 
obtrudes itself too much on the attention, ^Mthout some good 
reason for so doing, may be said to be out of place , notlung 
looks so bad as a great daub of a title, witli ornamental letters 
and flourishes, on a small and unpretending plan Thus tlio 
word Ptrgunnah should not be so prominent as its distingnish- 
ing name, and the word District as tho name of that distnct 
which is tho point required to be seen, wo have endeavoured 
to exemplify these matters on tlic Pergunnah mop of Limbac, 
Plato X., which is prepared in strict conformity with tho 
standing departmental rules laid down for tlic guidance of all 
Survevors as far as tho present state of tho Lithographic art 
in Calcutta v\ ill permit 

The titles, or headings for tho village plans, aro goiierally 
written in a neat round text, tidf Plates and IX. Tho 
immense number of these plans which require to be completed 
during the season, prevents a more laborious stylo of printing, 
and wluch indeed is not ncccssarv for the description of record, 
tho adjoining names on these latter maps are also recorded in 
neat round handvyntmg, as shewn on Plato VIII 

In summing np the several steps before adverted to, it is 
neecssarj to make a few remarks on plan draw - 
r ol^hin;: ing gcncrallv, which may be divided into Topo- 

grnpliical and Geographical plans. 

A Tb/ plan should represent the detail, and con- 
tun all that 15 necessary towards ncquinng a special knon- 
Ictlgo of a certain extent of ground, or of a small country or 


•“HaiJ tUx-V { rllain ant OminiMUl fjT R-rijam n VViJm-' 
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clislrict, vind especially, if for military purposes, for ^Yluc]l all 
plans arc more or less intended, sucli a particular distinction 
of tilings and circninstnnccs cannot be attained in geographical 
maps, which include an extensive portion of the surface of the 
eartli, whole countries and even sometimes the entire globe 
itself. Topographical maps are made on a larger scale than 
gcograpiiical ones ; one inch io a mile, although a small scale for 
such maps is a very proper and convenient one, and is the 
same on which the Ordnance Surve}’- of England is published. 
It is also the best for the Per/junnah maps of the revenue 
survc}' of India, and the smallest scale capable of showing con- 
gi’egatod village boundaries in Bengal. Six inches to one mile, 
is a large scale for tlic survej' of a country, and is the one em- 
ployed for the plans of the Ordnance Siuwey of Ireland. Tioo 
miles to an inch is a very useful scale for general district maps 
to show the fiscal and judicial divisions, places of importance, 
factories, thannahs, &c. forming sheets of moderate size, and 
convenient for the local authorities to carry about with them, 
when on circuit duty. In the Nortli-Western Provinces, this 
scale is sufficient to show village boundaries, the average area 
of these circuits being upwards of a sguare mile, or from 700 
to 800 acres each, but in Bengal the villages are so -small, 
avera^rino' not above 300 to 350 acres each, that these bounda- 
ries cannot be inserted, on this scale. Four miles to an inch 
is the scale generally used for geographical maps, and is well 
suited for obtaining a general view of an entire country, and 
the relative situation of its parts. The sheets of the great 
Indian Atlas are jjrepared on this scale as well as all the Dis- 
trict compilations from the revenue survey Pergunnah maps. 
By means of maps and plans alone, can a complete practical 
intimacy with the various parts of a country, and of the face 
and nature of the ground that composes it, be obtained, and 
they should therefore afford an accurate view of every local 
object, and furnish 'a clear, lively and imposing reiDresentation 
of the reality. 
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Tltc art of drawing maps and plans consists tlicrcforo in 
representing larger or smaller portions of tlio surface of tlio 
cartli on paper, in sacli a manner that every delineation 
shall bear as strict a resemblance as possible to the natural 
object, and tlio entire skill required, is the attainment of a cer- 
tain facility of manipulation in putting togctlicr tlio materials 
collected so as to fonn a map.* 

Tlic following remarks from Jackson’s Surv'cying, may be 
quoted with advantage : 

** A good plan conveys to tho mind a more perfect image 
tlian can be obtained by looking at the ground itself. It enables 
MS to examine and compare the great features of a, country ; 
we trace on it the directions of lines of coasts, rivers, moun- 
tains, woods, forests, See., distance is nothing, we see tho coun- 
try, twenty, fifty and a hundred miles off, wo can estimate tlio 
comparative heights of hills, without having to bear in mind, 
that tlie angle subtended by a mountain varies with its distance 
from tho cjo, or that such an art as perspective exists, nay 
more, it may be assorted that areally good plan is fully equal, 
I had almost said, superior for Military purposes to tlio best 
mode!.” 

“ In plans there arc tlircc things to bo desired; 1st, corrcc/- 
nfss, without which a plan is worse than useless ; 2nd, clearness, 
in order that every part may be understood ; and 3rdly, bennti/ 
of cxecittion, which is generally found to accompany tlic 
second of these desiderata. This last, however, being the only 
point upon wliich the majority of persons arc capable, or ratlicr 

• “ Tho object of oTi-ry map may In* statwl to bo a reprowntatioa on a flat 
turfarc, of n portion of the earth, on ohicb all the lines or iluianccs shall as 
far as the ibfTirenceof tho surface a 01 permit, bear the aamo proportion toono 
another as those in nature do. Accuracy is of course essential to it ; but the 
salue of the acrtsrscy b liLu that of other thio^, cotnparaliro, ami is ala ay* 
lo be jud^d of by the cost of its prodactioiu IV-rb-cl math<matieal accuracy 
it as unattainable as it nouM be uselesj,£«( thatJfS^te cf it vhtch u tdfly ic»te 
pracf/rtjf.^ vtffol, it fjttg»atflf omr r«rA."— On the IVinriph"* of 

Grtdesy, hr IVlta, Gleanipss fo ^iroce, toL ‘i. 
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fancy tlicmsolves so, of giving an opinion, naturally excites 
tlieir chief attention. 

*“■ Wlicn examining a plan liow rarely do we think of the 
labor with which it has been produced, the triangulation to 
obtain cerlaiu points as land marks, the arduous business of 
survcj'lng every yard of road or stream, the ability and cai’e 
necessary when sketching tlie forms of the ground, and the 
mijiutc attciition required for innumerable minor details; how 
seldom do all, or any of these considerations enter into oim 
thoughts, when a plan is shown to us: and yet the merit, 
which attaches to the more drawing, the language, as it may be ’ 
termed, of the Surveyor, an accomplishment little more than 
mechanical, is trifling indeed, when comjxared with the degi'ee 
of talent and labor employed in the formation of a good plan. 
Perhaps tir/ie may afford some criterion, whereby to judge of 
the comp.arative value of p/an dratcing and plan making. An 
expert draftsman will in the space of two or three days, pro- 
duce a copy of a plan, the field labor and plotting of which 
may have employed a Surveyor for a whole year.” 

The ^‘practical hints,” in the foot-notes extracted from 
Simms’ Treatise on Drawing Instruments, will be found 
useful.^' We have likewise added a receipt for restoring 


Practical Hints, §'c., on the Management of Drawing Paper. 

The first thing to be done prepar.atoiy to the commencement of a dramng 
is to stretch the paper evenly' upon the smooth and flat surface of a dramiig 
board. The edges of the paper should first bo cut straight, and, as nearly as 
possible, at right angles with each other ; also the sheets should be so much 
larger than the intended drawing and its m.argin, so as to admit of being 
afterwards cut from the board, leaving the border by which it is attached 
thereto by glue or paste, as we shall next explain. 

The paper must first be thoroughly and equally damped with a sponge and 
dean water, on the opposite side from that on which the drawing is to be 
made, inien the paper absorbs the water, which may be seen hy the wetted 
side becoming dim, as its surface is viewed slantwise against the light, it is to 
be laid on the drawing board with the wetted side downwards, and placed so 
that its edges may be nearly parallel with those of the board ; otherwise, in 
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(lamaf'cd drawing paper, which in tliis country so soon 
becomes affected by tlic dampness of the atmosphere. Draw- 
ing paper should alwajs bo wrapped in flannel, and kept 

usin'* A T square, an inconrcmencc may be expcnencetL This done, lay a 
straight flat ruler on the It* parallel to, ami about half an 

inch from, one of its edges The ruler must now be held firm, while the said 
projcotiiig half inch of paper is turned up along Us edge , thcn,apieco of solid 
glue (common glue will answer tbtf purpose,) baring its edge partially dissolved 

holding It m boding w atcr for a few seconds, must be passed omc or tw ico 
along the turned edge of the paper, after which, this glued bonier must be 
again laid flat by sliding the rule over it, and, the ruler being presstn! doivn 
upon It, the edge of the paper will adhere to the board. If suflieient glue has 
been applied, the ruler may bo remoted directly, and the edge finally nibbed 
down by an irory book-l^mfe, or any dean poLshed substance at hand, which 
w-ill then firmly cement the paper to the board Another, but adjoining edge 
of the paper most, next, be acted upon in like manner, and then the remain* 
ing edges in succession , we say the adjoining edges, because wo ha>o occa* 
Sionally observed that, when tlie opposite and parallel edges hare been laid 
down first, without eontinuing the process progressively round the board, a 
greater degree of care is required to prevent mdulations m the paper 
os it dnes 

Sometiffios strong paste is used instead of glue , but, as this takes a longer 
tune to set, it Is usual to wet tho paper also ou the upper surface to witbui an 
inch of the paste mark, care being taken not to rub or injure the surfoeo m 
the process Tho wetting of the paper, m either rase, u for tho purpose of 
expanding it j and the edges, being fixed to tho board in its enlargcsl slate, 
act as stretclicrs upon the paper, while it eontracts in drj mg, w hich it should 
be allowctl to do graduallj AH creases or undulations Lj this means dis- 
appear from the surface, and forms a smooth piano to receive the drawing 
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closed up in a tin case, and placed well off tlie ground, and 
may occasionally Ido put into an oven and well lieated, 
with advantage. 


Mounting paper and draioings, varnishing, §'c. 

In mounting paper upon canvas, the latter should be well stretched upon a 
. smooth flat surface, being damped for that purpose, and its edges glued doum 
as was recommended in stretching drawing paper. Then, with a brush, spread 
strong paste upon the canvas, beating it in till the grain of the canvas be all 
filled up ; for this when diy, will prevent the canvas from shrinldng when 
subsequently removed ; and ha\nng cut the edges of the paper straight, paste 
one side of every sheet, and lay them upon the canvas, sheet by sheet, over- 
lapping each other a small quantity. If the th-awing paper is strong, it is 
best to let every sheet lie five or six minutes after the paste is put on it ; for, 
as the paste soaks in, the paper will stretch, and may>be better spread smooth 
upon the canvas ; whereas, if it be laid on before the paste has moistened the 
paper, it will stretch afterwards and i-ise in blisters when laid upon the can- 
vas. The paper should not be cut off from its extended position till thorougli- 
ly dry ; and the drying should not be hastened, but gradually take place in a 
dry room, if time permit ; if not, the paper may be exposed to the sun, unless 
in the winter season, when the help of a fire is necessary, care being had that 
it is not placed too near a scorching heat. 

In joining two sheets of paper together, by overlapping, it is necessary, in 
order to make a neat joint, to feather edge each sheet ; this is done by care- 
fully cutting with a knife, half-way through the paper near the edges, and on 
the sides, which are to overlap each other ; then strip off a feather edged slip 
from each, which being done dextei’ously, the edges will form a very neat 
and efficient joint when put together. 

The following method of mounting and varnishing drawings or prints was 
communicated some years ago by Mr. Peacock, an artist of Dublin. Stretch 
a piece of linen on a frame, to which give a coat of isinglass or common size. 
Paste the back of the draudng, leave it to soak, and then lay it on the linen. 
When dry, give it at least four coats of well-made isinglass size, allowing it 
to dry between each coat. Take Canada balsam, diluted udth the best oil of 
turpentine, and with a clean brush give it a full flowing coat. 

In selecting black lead pencils for use, it may be remai’ked that they ought 
not to be very soft, nor so hard that their traces cannot be easily erased by 
the India rubber. Great care should be taken, in the pencilling, that mi 
accurate outline be draum, the pencil marks should be distinct, yet not heavy, 
and the use of the rubber should be avoided as much as possible, for its fre- 
quent application ruffles the surface of the paper, and null destroy the good 
effect of shading or colouring, if any is afterwards to be applied. 
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All copies of either imps, or computitions, arc diilj' com- 

pnrod with the origmil, by tivo persons 
Conipinng anil ho affile their initials to the doenments as 

Kiamining 

liaMngdone so, and arc strictly responsible 
for tlic same. The two copies of the village phns, taken 
from the rough sheets, arc first compared with tho origiml 
and then with each other, and any discrepancy immo- ‘ 
diately corrected by an European Assistant and not left 
for future adjustment, perhaps to be forgotten Tho boun- 
dary of each aillago is rigorously compared with the 
thahbnst or demarcation sketch map, as soon after sun cy as 
possible, and it is ncccssarj to record on o\ cry map that this 
step has been taken, and that the assimilation is suflicicntly 
good to allow* of Its being passed In ease a hhusraU, or 
detailed measurement field by field, has been made, tho map 
produced by this operation is also duly compared with tho 
professional one, and tho ngreemont of tho two is another proof 
of tho work, all discrepancies ensuring on immediate enquiry 
and reconcilement In like manner all the traaerso computa- 
tions arc compared, one assistant reaebng from tho copj, and 
tho other looking at the original. As soon ns these precautions 
ha\o been taken and tho attesting initials of the assistants in 
chargo of the division affixed, tho document is rcad^ for the 
CMinmation of tlic Superintending Officer, who odds his sig- 

Jtffti} t fur rrttimny Jantayrtl divrtny paprr 
a wash, conipo^cil of one ilnicbm of Isin-Ia^s stecpcil m 2 ounces of 
nati r f r 12 hours. Fhen timnirr it fur 15 or 20 minutes oiir a fire Whin 
nearly reail^ nJJ of common alum (fitcoorci) in pfjHil(r20 grains strain 
thrviugh Imi n for Hie, apjl^ it when the papi r is on thi drawing boarJ and 
tlamp and wort it on, «ith a flat !ru.*h, when drr wa‘h thi papir orir 
with water, which will indicate whither a swond wa. h of the aboic is nws 
aary \Micn the paper is thoroughly recoTcnit, w ash it w, II with j lain w ate r, 
anl a list brash, to taie o’! any superfluous Isinglass, abs< rl lag the super 
flaoos watir with a clean Imen rag WTien thus prepared, the cwlnrs i*an be 
thrown In, as *af<Jy as on pod paper 

Captain Hen lemon » I Mar Jso. 4 on the lV*lonaI Art.— CotwItJ Lileran 
Gt (Ue,J»h 



544 


natuie as soon as he is perfectly satisfied of the accuracy and 
sufficiency of tlie work, and it is by the exercise of his general 
knowledge and careful eye, in the detection of errors and 
omissions, that the value of the results of the survey mainly 
depend. The amount of information embodied in the 1-inch 
topographical maps from the larger scale requires careful 
scrutiny, every thing should be put in, which the scale per- 
mits, and these maps forming the cliief practical test of a 
Surveyor’s labors as applied to the widest extent of usefulness, 
no pains should be spared in their examination. 

The register sheets for the village plans are lithographed 
and supplied with a view of lessening the 
labors of a Surveyor, the statistical and area 
columns are filled in, the former from the 
khusrah vernacular retiu’ns, and the latter from the profes- 
sional computations as shown in Plate VIII. The statistics and 
general remarks of the condition, and state of prosperity of each 
village are of great importance, and should be recorded by the 
Surveyor himself. The information thus given, forming the 
basis of the general statistical and agricultural report of the 
district. The references to the Settlement Officer’s missil, or 
file of proceedings, enables that Officer to make up his own 
registers wdth facility. The duplicate copy of the professional 
plan register intended for the Civil Authorities is left blank at 
the back, the numerical data of the survey operations being 
only required for professional purposes in tlie Deputy Sur- 
veyor General’s Office. The back of this register being ruled, 
all the revenue information, as to naines of melials and pro- 
prietors, is inserted on it by the Settlement Officer from the 
vernacular records of his own proceedings. Every village in 
the entire district being thus prepared, the detail of informa- 
tion is as complete as can be desired. Plate IX. represents 
the form of Register for Bengal, or settled Provinces, the Plan 
and Traverse computation being recorded precisely similar as 
she^Yn in Plate VIII. 
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Itrermins to assort and arrange all the Milage plans and 
registers into moderate sized pergiinnali 
Formal on of aolumcs, for convenience of record The 
S.C ^ ° Plans may 1)0 bound up cither alphabetically, 
accoiding to the English or Persian alpha- 
bet, or by means of the geographical position of tho Milage 
Ev cry plan is dul} numbered and placed m regular succession 
and from 150 to 200 may be said to form a convenient volume 
If a pergunnali IS V cry large, it is of course divided into two or 
more boohs as maybe nocessarj, and if very small, two or more 
pcrgunnalis arc combined together An alphabetical list of 
all tho villages is prefixed to the volume, containing also 
columns for the number on tho plan as well as tho areas, 
which, summed up, show the correct area of the entire per- 
gunnah By a reference to this Index List, any plan is imme- 
diately found by its number, it is therefore immaterial how 
the plans arc placed, os long as they are numbered properly 
in succession, and that tlio Index names of villages, critically 
accord with the same on tho plan sheets On opening the 
book, the plan should first be seen, and then the traverse on 
tho reverse side. A list of topographical references to tho 
coloring IS invariably appended and saves much labor, which 
would accrue from recording such items on every plan A 
title page with tho name of the pergminah and a few blank 
sheets of paper arc added, for the purpose of inserting any 
uvfiicmaluiu. aficcw.ards, cQuocctcd. wiUv tlw Svurv'zj opccatviws. 
of tho porguiinah or district, or ns to the geographical fea- 
tures of the country On the Rev enue Sun cys these \ olumcs 
in fact represent the Picld books, as well as the completed 
work, the) should therefore be made to contain ever) possible 
information, ami be complete in ever) respect, so as to super- 
cede tho demand for Eiold books after a Surve) is over So 
much of the Field iucasuri.incnLs being recorded on drawing 
boards ind all plottctl at tho moment of Sun c), the Field- 
books accortling to the usual st) It oftliat document, ajo niort 

3 \ 
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or less partial and imperfect^ and tlierefore not desirable 
records. 


It is next to impossible to lay down absolute and distinct 
rules for the performance of detail duties. 
BiMsinn of Labor. i\s before stated in Chapter XU. every Sur- 
veyor may have his own peculiar method of 
cariying out his work, and in such matters they will be the 
best judges of the nature of the work they have to perform 
and of the best means of comj)leting it, all that we advocate is 
si/aicm in all that is done, and whatever that method may be, 
after it has been once maturely considered and definitely 
determined on, it sliould not be departed from. Let a Sur- 
veyor apportion out to each assistant the particular duty for 
which he is most qualified, and insist on its being followed. 
As a general rule eacli assistant is responsible for the division 
he has had charge of in the Field, and is expected to bring up 
the whole of the work connected with it, but it frequently 
happens that from local causes, one party may accomplish 
more Field work than they can get out of hand prior to the 
commencement of another season, whilst another party may 
not be so pressed for time in the recess, such additional aid 


and assistanc .therefore as can be spared, should be afford- 
ed where it is needed. Each assistant has gene- 
rally five Native of ™"ous degi-ees of qualifica- 

tions under him. One\ny oolor well, another may print 
well, and so on. One inanVnj bo employed simply m prick- 
ing and tracing off, and ponc®ng in the village plans. These 
are made over to a second peAm, to ink in, to a third to be 
colored, and to a fourth to have stiSStion points, letters and lines 
entered, and lastly on to a fifth to'-rfo and print adjoining 
names ; such a par-ty can complete froiV fifteen to twenty village 


maps clail}''. . n i , j ^ 

By this arrangement the Sah-Assistant is enabled to devote 

himself chiefly to the more important points in finishing t o 

pergunnah maps and areas, and the Superintending Officer in 
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exorcising 'x general control o^er tlic ^vliole work, faking care 
that It progresses through every step to his satisfaction, metho- 
ihcaUt/j cleanhji and accurateltf, encouraging and helping 
in all difficulties, and by putting the finishing touches to the 
plans render them worthy of his professional reputation 

By the means •v\o haao hero endea\ourcd to describe, a 
Surveyor may have the satisfaction of seeing his office cleared 
bj the termination of the recess, and find himself in a position 
to take the Ticld again with renewed \ igor, unembarrassed 
b;j any arrears 



CHAPTER XXVI. 


On TIIK I\rKTI10T) OF DESCRiniNG THE GRATICULE 

OP j\Lvrs. 

F OR the purpose of representing more accimately tlie globe 
•wliicli \vc inliabit^ geograpliers liave Jiacl recourse to spherical 
ballsj on the surface of whicli are drawn the various divisions 
of the cartlij but the relative divisions of the eai'tb, and the 
positions of places^ cannot be accurately laid doivn on these 
.splieres, till certain circles have been described on its surface. 
TJicse circles ai*e divided into ^rca( and smallj and the manner 
in which they are formed may be described as follows. 
Imagine a sphere to be cut in any direction by a plane, the 
section will be a circle. It would be a great circle if the 
cutting plane passed through the centre of the sphere, and a 
small circle, if it (the cutting plane) passed out of that centre. 

From tlie manner in which a gi*eat and small circle are 
generated, it is evident that the former will bisect the sphere, 
while the latter will make an unequal division of it. 

The earth turns round once in 24 hours, on an imaginary 

axis, passing through its centre ; the two 
extremities of this axis, are its poles, the 
one being called the JVor^/i and the other the Pole. This 
being apprehended, conceive now the terrestrial sphere to be 
cut by a certain number of planes perpendicular to the rotatory 
axis, the sections will obviously be parallel to each other ; that 
passing through the centre of the sphere (a great ch’cle) being 
called the equator, or the equinoctial line, while all the others 


Of the Axis and Poles. 
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(small ciicles) are st}lc(l the parallels of latitude, or simply 
parallels 

Again a point being assumed on the tcrrcstnal globe, the 
cutting plane may be imagined to pass through it, and the 
axis of rotation, the section (a great circle) will be thcmendian 
of that point, being perpendicular to the equator, and to the 
parallels, and passing through the North and South Poles 

The latitude and longitude of a place may be defined in the 
following manner The meridian to the given place being 
drann in the naj abo\o desenbod, the section tliercof inter 
cepted between the equator and the given point is called the 
htitude, \\hich will be North or South, according as the meri- 
dional section, uhich is its measure, extends towards the 
North or South Pole The longitude is reckoned upon the 
equator commencing from a point arbitrarily assumed as the 
origin, and continued as far as its intersection with the meridiaiT 
of tho gi\cn place In rnghsh works on geography tho meet- 
ing of tho equator with the meridian oftlic Greenwich obser- 
vatory, IS taken as tho origin of tho longitudinal ore which is 
iiioasurod both wa^s, mz. to llic East and West of that 
meridian 

“ wa} of illustrating the foregoing definition of latitude 

niuitraiwn of La longitude let us suppose tint PEF^Q, 

in adjoining ihagraiu represents the cartli, 
w hose axis is PCP' , 

UyiKcrt-hPcbi Pjowi 
tho South Polo PP , 
and lot KAQR re- 
present a circle pass- 
ing througli the cen- 
tre C, in a direction 
perpendicular to tho 
axis PP This cip- 
tle corresjionds to 
the equator, and it 
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divides the earth into two lienii.sjdieres ; EPQ heiiig tlie 
Isortliorii, and EP Q the Soiiflicni jicinispiierc. 

J-ct G, 1} A, represent the situation of three places^ on the 
surface of the earthy through- whicli^ let the gi’eat circles 
PAE, PIP', and POP" he drawn^ intersecting the ecpiator 
AQ, in n, m, a, respectively. 

“ 'riicse circles arc the mendians of the places II, I, G, and 
ns every circle is supposed to be divided into 360° there must 
be 00° from tlic etpiator to each pole. Hence the latitude of 
the place K is measured by the degrees of tlie ai’c intercepted 
between /fand 7i ; and the latitudes of G and /are measured 
by the degrees of the arc intercepted between G and a, and I 
and m, rcspcctivcl 3 % These latitudes will be called- North 
latitudes, because the places lie in tl)e Northern hemis- 
phere. 

In like manner, let there be two places JV and V in the ' 
Southern hemisphere. The latitude of IF will he measured 
by the degi’ees of the arc intercepted between TF and a, and 
the latitude of F, Ij}’- the arc intercepted between F and m, 
and these will be called South latitudes. The distance be-' 
tween I and V is called tlie difference of latitude. 

“ The longitude of a place is measured by the degrees of an 
arc of the equator, intercepted between some 
^.J^*”stration of Lon- particular meridian, and the meridian pass- 
ing through the place. Thus suppose G 
to represent the particular meridian and m to represent the 
place' whose longitude is required ; the longitude of is mea- 
sured by the arc wia of the equator, intercepted between a 
and the point where the meridian of G meets the equator, and 
m the point of the equator where it is cut by the meridian of 
the place m. The particular meridian, from which we begin 
to' reckon the degrees of longitude, is called the -prime or first 
meridian, and it is different in different countries. 

" In the foregoing diagram if G represent the observatory 
of Greenwich, a will be the point from which we begin to 
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reckon the degrees of longitude, and ill places situated to the 
East of a, such as Jt, w, mil have East longitude, uhile those 
situated to the 'Wcst,as«,uiIIha\e West longitude. Longitude 
IS usually reckoned 180° East and West of the prime or first 
meridian For instance, taking a as the prime meridian and 
reckoning in the direction It, m, u c should say, that every 
place ivas so many degrees East Longitude, while if we reckon- 
ed m the direction n, E, we should say, all the places had so 
many degrees West longitude From a consideration of u hat 
has been advanced it mil be evident that all places situated 
upon the same meridian ha\ c the same Longitude, while all 
those situated upon the same parallel have the same Latitude, 
again as the parallels of latitude become smaller as they ap- 
proach the polos, the arcs of these parallels intercepted between 
the same two meridians, will also be smaller as uo proceed 
from the oi^uator to tlio poles, though in fact they consist of the 
same absolute number of degrees lienee it uill bo easy to 
SCO, that a degree of longitude, must be smaller towards the 
poles, than at the equator , and must become gradually smaller 
and smaller till wo amvo at tlic poles, where it will aamsh 
and bo equal to nothing 

Wo have liithorto supi>oscd the earth to be a sphere, hut its 
real figure is a spheroid, the minor axis of winch being the 
axis of rotation If therefore the several lines wherohj latitudes 
and longitudes arc measured, arc described upon a spheroid, 
m f?io same manner, as 7ias been done upon a sphere, it w id 6c 
seen tliat while the equator and the parallels arc circles, the 
meridians are ellipses, equal and similar to one another whoso 
degrees a ary m length in different latitudes The following 
T iblcs ezliibit the linear aalucs of the degrees upon the meii- 
dian and the parallels from 8° to 3G° Korth latitude, llio 
extreme limits of our Indian possessions computed upon the 
spheroidal h}*pothosis 


Jam cson* Tnatis«oa Cooslruelion of JlajH 
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Thile exlnhUing the Lengths of the MeridU 
onal Degrees beliaeen the parallels of 8° 
and 30° of Latitude, 

Table exhibiting the values of the Longitu- 
dinal Degrees between the parallels of 8" 
and 36° of Latitude. 
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69-730 
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11 

67-899 

26 

62-202 
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68-839 

12 

67-660 

27 
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13 to 14 

69-740 

27 to 28 

68-849 

13 

67-400 

29 

61-111 

14 to 15 

69-746 

28 to 29 

68-859 

14 

67-120 

29 

60-538 

15 to 16 

69-752 

29 to 30 

68-869 

15 

66 820 

30 

59-946 
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63-758 

30 to 31 

68-879 

16 

66-499 
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69-335 
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69-765 
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63-890 
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68-901 
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It will not be consistent with the object of the present work 
to enter into the details on which a map of the world is 
to be formed, but it will suffice merely to lay down such 
rules as 'are absolutely essential for projecting a map of 
any portion of British India. We cannot, therefore, serve this 
purpose better than by giving the memorandum of instruc- 
tions for describing the graticule of maps comprising small 
portions of the globe, drawn up by the late Col. Blacker, for 
the use of the Surveyor General’s Office, which recommends 
itself by its remarkable simplicity and accuracy within certain 
limits. It has long been in use and is very convenient for 
mapping, as the topographical details within any one section 
are easily copied and transferred into any other map differing 
in projection, or in central meridian. The limits to which it is 
applicable, is confined to about 100 square degrees. The 
objections to the method are, that it is an empirical process 
being based upon no Imown projection, and that the protraction 
it gives rise to, be it performed with as much care and skill as 
possible, has always a tendency to generate error because it is 
not laid off from one common origin, on the contrary, the 
spaces are built one on the other, whereby the error in any 
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point is carried on through all the succeeding ones. Where 
great accuracy is sought for and the extent of the map is 
considerable, it becomes necessary to resort to the principles 
of conical development, and to protract by means of co-ordinates 
and a common origin. For this purpose some new Tables 
Iiavc been introduced by the present Surveyor General of 
India, whereby, by means of rectangular co-ordinates from a 
common origin, the parallels and meridians may bo projected 
to every degree, and to every 2® according to the scale ; but 
these Tables are too extensive for insertion in this work. 

“ The following method of delineating 
^lio meridians and parallels of a map, al- 
though not solely referriblo to any of the 
demonstrated projections, evidently contains so much truth, as 
to bo well adapted to topographical plans embracing a very 
Binnll portion of the hemisphere. 

By a mechanical operation, so simple os to require but little 
explanation, is produced a graticule, wliosc meridians are all 
equal, are equidistant at all the corresponding points, are in- 
tersected by the parallels at equal angles on tlie same side ; 
and whoso parallels consist of parts proportional to the cosines 
of their latitude. 

“ These properties will be rendered more obvious by tho 
detailed account of a constniction adapted to an assumed case ; 
such, for cx.ample, ns the delineation of a graticule comprizing 
4 degrees of latitude, between the p.arallcls of 20° and 24°, and 
as many of longitude, on a 3c.a1c of 4 miles to an inch. 

“ Let there be imagine<I a quadrilateral 
CEFD, whose sides shall each be equal 
to a degree on the meridian, and whose 
bases shall be equal to half degrees of 
longitude at the latitudes in which they 
may bo situate;' the angles E and F be- 
ing equal, as likewise C and D, it is 
obrious that tho comprized area will 

3 r 
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represent a portion of the earth’s surface, one degree of latitude 
high and half a degree of longitude broad ; and that it may be 
transferred to any given line, either by determining one angle 
of the equilateral or its diagonal ED. Let the latter quantity 
be preferred, since it will be always more correct today 
down a line, than to protract an angle; and suppose the 
diagonal to have been ascertained. 

"Let a straight line AB- for the central meridian divide the 
paper from top to bottom ; and at the lower part thereof, lay off 
the dis^tance 21 — 20° = CE. From the point 20° describe 
on each side of the central meridian, an arc with the radius 
CD ~ half a degree of longitude in latitude 20°. Describe 
similar arcs from thej)oint 21° with the radius EF — half a 



degree longitude at latitude 21° Intersect the two first from 
21° with the diagonal distance j 5'D, and the two last from 20° 
with the same distance. These several intersections y S, will 
obviously be points correspondent to D, F, and may be joined 
accordingly to the other points. 
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“ If a similar construction be repeated appljingthc same 
quadrilateral to tlio neiv sides 5, a fresh sot of points y' S", 
i^ill bo obtained, and imII supply the means of continuing the 
operation still further 

"Two senes of points 20°' y*' and 21° 5, y, 5', will bo 
thus generated at the distance of a degree oflatitudo from each 
other Ihoy may be connected in the direction 21° 2, &.c. and 
20° y, &.C. by which means will be described two parallel lines 
of sensible curvature, and again joined m the directions 
yl) &-C* ivhich ^iill form parts of different meridians 
half a degree asunder As it is usual on a scale of 4 miles to 
an inch to draw parallels at ever} 30 minutes’ distance, the 
last mentioned meridional parts may be bisected, and the 
points of bisection connected for a now parallel If similar 
constructions bo c\tendcd to the right and left of the iiitenals 
22° — 21°, 23° — 22, 24° — 23, it is evident, tint the graticule 
will bo complete, and hare all the properties claimed for this 
method, as far as is consistent with graphical means 

“The conaergcncy of tho meridians r r 

imII however not be sensible near tho 
central lino of tlio paper, but perhaps 
there is no other so simple method of 
dehneatmg them, cv cn as right lines, and 
at tho same timo indicating all their in 
terscctions with the parallels of latitude 

“ It remains now to bo seen, bow tho „ 
diagonal which lias been assumed 
as hnown, shall be obtained, and for this 
purpose lot a line bo imagined parallel 
to FZ>, from tho point £ It will evi- 
dently ho one side of an isocclcs tnangle 
whose baso is •— CDEV, and whose 
remaining side is CEFD 

“ Denoting therefore, the side CE by 
a, CD by hi EE by rf, and the diagonal ‘ v~ c 
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ED by c, -o’e have in the isoceles triangle, Cos C 


h—d 

2 o. 


and in the obliqueangled-triangle DCE c- == a~ + 

5- — 2 ah Cos C = (by substituting the value of Cos C al- 


& 
b—d 


ready found,) a" -j- h"- — 2 ah ^ + b" — b~ bd = 


a- — hd — a- (^1 -f and therefore C =%/ a" Tl + 


a 


s/ 1 ' 


Type of the Calculation. 

a = G0532 Fathoms, b = 28604,5 Fathoms d = 28419,5 Fathoms, 
log', b == 4,45643 log. a = 4,78198 

log. d — 4,45362 
com. log. a = 5,21802 
idem = 5,21802 


log, -5 = 9,34609 
° aP 

bd 

1 + -2 = 1,22187 

log. do. = 0,08702 whose square root = 0,04351 

log. c — 4,82549 = 66910 Fathoms. 


In like manner may the diagonals of the remaining quadri- 
laterals be determined; and when reduced, with the other 
parts, to the scale of the map, will give at once in inches, the 
sides a, 5, d, and diagonal c for every latitude. 

" In the present supposition, the ratio of the scale is 2 JF¥ 5 o ; 
by which therefore dividing the foregoing quantities we 
shall have 


a = 17,20 inches 
b == 8,13 - „ 
d = 8,07 „ 

c = 19,01 „ 


" If SO far, has been thoroughly understood, there will he 
no difficulty in using the following Tables, which give the parts 
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of every quadrilateral of 1 latitudinal degree iiigh, and lialf 
a longitudinal degree broad, between the parallels of 8° 
and 3G°. 

" But the scale of 4 miles to 1 inch is not the only ratio 
udn‘ch may bo required? and therefore other sets of Tables are 
added for the scale of 8 miles, and of its several multiples by 
2, 3, 4 and 6 to one inch. 

“ As however the scale decreases, it will be proper that the 
numbers of degrees contained in the sides and bases of the 
quadrilateral should increase. The following law will there- 
fore bo observed, which is calculated to maintain always a 
regular curvature, without marking by too sensible an angle, 
•the junction of one quadrilateral with another. 



Scalt 0/ 

to 

1 /ncA 

Ratio 

Scate 

Degrta 

in 

a 

Degrees 

b and d 


4 

25J410 

V* 

09,00' 


3 

soCSid 

op 

1, 

ill 

1C 

1013700 

3® 

b 

IV 

24 

ISjOCIO 

3® 

I, 

V 

32 

2027320 

4® 

2. 

VI 

43 

y0ll2e0 

4® 

2, 


• (ImJe fl by 2 


• dmJeeby 3 


* dmdc a byS 


• NOTr. — The divisions here directed, hare for object the reduction of the 
qutilrilAtcrals to tho areas proposed lo bccompnied in llm praticale Thus, 
in the Ist scale, then? irill bo no inicrsectjon at crety half degree 5 in iho 2nd, 
3rd and 4th, at eiery dejjrec, and in the 3th and Cth at crerj second dcfjrec 
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Tahle of Quadrilateral parts for a Scale of A Miles to 1 Inch. 
Id. B. tt = 1° 6 — dP-Ziy, d = 0° 30' 


Latitude. 


a 

in Ins. 


- d 
in Ins. 

e 

in Ins, 

Latitude. 

a 

in Ins. 

b 

in Ins, 

HI 

c 

in Ins. 

17'18 

8-66 

8-64 

19-19 

0 

From 22 

0 

to 23 

■ 17-20 

8-02 

7-96 

18-97 

17-18 

8-64 

8-61 

19-18 

' 23 

„ 24 

• 17-20 

7-96 

7-90 

18-94 

17-18 

8-61 

8-49 

19-17 

24 

„25 

17-20 

7-90 

7-84 

1S-S2 

17-18 

8-49 

8-46 

19-16 

26 

,.26 

17-21 

7-84 

7-77 

18-00 

17-18 

8-46 

8-42 

19-16 

26 

,,27 

- 17-21 

7-77 

7-71 

18-87 

17-19 

8-42 

8-39 

19-13 

27 

„ 28 

17-21 

7-71 

7-64 

18-84 

17-19 

8-39 

8-35 

19-12 

28 

,,29 

17-21 

7-64 

7-67 

18-81 

17-19 

8-35 

8-31 

19-10 

29 

„30 

17-22 

7-67 

7-49 

18-79 

17-19 

8-31 

8-27 

19-08 

30 

„31 

17-22 

7-49 

7-42 

18-76 

17-19 

8-27 

8-22 

19-07 

31 

,.32 

17-22 

7-42 

7-34 

18-74 

17-19 

8-22 

8-18 

1905 

32 

„ 33 

17-23 

7-34 

7-26 

18-71 

17-20 

8-18 

8-13 

19-03 

33 

„34 

17-23 

7-26 

7-17 

18-63 

17-20 

8-13 

8-07 

19-01 

34 

„ 35 

17-23 

7-17 

7-09 

18-65 

17-20 

8-07 

8-02 

18-99 

35 

„ 36 J 

17-23 


7-00 

18-62 


I 


w u 

From 8 to 9 
9 „ 10 
10 „ 11 
11 „ 12 

12 „ 13 

13 „ 14 

14 „ 16 
16 „ 16 

16 „ 17 I 

17 „ 18 I 

18 „ 19 j 

19 „ 20 

20 „ 21 


yo6?e qf Quadrilateral parts for a Scale of 8 Miles to 1 J«cA. — iV. B. a = Z°. b — 1°, d ~ 


Latitude. 


o o j 

From 22 to 24 I 17‘20 
24 „ 26 
26 „ 28 
28 „ 30 
30 „ 32 
32 „ 34 
34 „ 36 


Table qf Quadrilateral parts for a Seale of 16 Miles to 1 TncJi. — .B. a = 3°. 6 = 1°. d = 1°, 


Latitude, j 

a 

1 * 

[ d 




Latitude. 



b 

d 

1 

4'28 ' 

4'2i 

4-24 

4-20 

4-20 

4-14 

4-14 

4-06 

4-06 

3-98 



Latitude. 


From 23 to 26 
26 „ 29 
29 „ 32 
32 „ 35 



Table of Quadrilateral parts for a Scale qf 24 Miles to 1 Inch. — N. B. a — 2,°. h — I®, d = 1°. 


c I Latitude. 


Latitude. 

a 

h 

d 

c 

From 8 

to 

11 

8-69 

2-85 

2-83 

9-05 

11 

Jf 

14 

8-69 

2-83 

2-80 

9-04 

14 


17 

8-69 

2-80 

2-76 

9-03 

17 


20 

8-60 

2-76 

2-71 

9-02 

20 

9t 

23 

8-60 

2-71 

2-65 

9-01 



a 

b 

d 

8-60 

2-65 

2-69 

8-61 

2-69 

2-62 

8-01 

2-63 

2-45 

8-61 

2-46 

2-36 



Tahle of Quadrilateral parts for a Scale ofZ2 Miles to 1 Inch. — XT. B, a ^ 4P, b ^ 2°. d = 2'’. 


?rojn 8 to 12 
12 „ 16 
16 „ 20 


Tahle of Quadrilateral parts for a Scale qf 48 Miles to 1 Incb.—N. B. a = 4P. b = 2°. d 


a 

1 * 

d j 

! i 

Latitude. 

a 

h 

d 

c 

8-69 

4-29 

4-23 

9-69 

From 24 to 28’ 

8-60 

1 3-95 

1 3-83 

0-4i 

8-69 

4-23 

4-16 

9-66 

28 „ 32 

8-61 

1 3-82 

1 3-67 

0'39 

8-60 

8-60 

4-16 

4-06 

4-06 

3-95 

9-53 

9-49 

32 „ 36 

i 8-61 

i 

: 3*67 

i 

■ 

0-33 


Latitude. 


Latitude. 


rom 8 to 12 
12 „ 16 
16 „ 20 
20 24 


6‘39 From 24 to 28 
6-37 28 „ 32 

6-35 32 „ 30 

6-32 


Although in the eiampie whicli has been giren a Ten- small area has been eraplorcd, ® '’f 

nevertbeless susceptible of considerable extension. At the same lime U has Us J,, S 

^I meridians and parallels iviU lose their proper curvatocs Ferbaps 100 * tS d 

found to be the utmost extent to n-liich it can be practised, mthont in rodunn^ an? sen 
tion • and this area mar bo indifferently the product of 10 into 10, 11 into 0, 1- into 8, 1 . 

into 7, &c. whilst it si^ifles bttlo, irhich factors express the latitude or longitude. 







































































CHAPTER XXVII 


On THE CO^^ECT^O^ BETTVEEN THE GeLAT TRIGO^O- 
METBICAL AND REVENUE SUEVEYS — RaTIO OE ERROR — 
Extent of Country for Survey, and average 
COST FER Square Mile 

No Re\cnuc Surrey can be considered complete and satis" 
factory, unless t)io errors committed, and the degree of accurv 
c) attained, uo distinctly leported on Without this is stru 
pulously observed, no conddcncc can bo placed in its results, 
and as no wIlatc^o^, executed by human means, can be 
froo from error, all that is reasonably expected is, that un- 
aaoidabic errors should not exceed the lowest practicable limits 
E> cry great National snrv cy has a limit of error assigned, and 
all norh exceeding this limit is rejected 

In the largo tnangulation of the Groat 
Ratio of i rror 1 rigonomctncal Sur\ cy of India, \\ here of 
course the greatest refinement and most 
scrupulous care is observed, an error of one inch per mile 
or amounts to 500 inches or 42 feet, or nearly 

half a 'ccond of latitude m 500 miles, which is the distance 
between some of the bases. Tlic work is reckoned liable to 
half this error when executed with the great thcodohte, and 
equal to the degree of correctness indicated by an inch per 
iitilc, when perfonned by 18 inch instruments for the subor- 
dinate senes of triangles, with infcnor instruments, or a less 
careful sistem, the accumubtion of error would be a./ocl per 
mile, which is equal to a ratio of yj'pTj in linear dimensions 



nrca, or ,20 per cent or G seconds in the above dis- 
tance. 

Bni men trained to tliis degree of exactness are out of their 
place in tlic detail measurements of the Revenue Survej^ the 
valuahlc qualities of tlie Trigonometrical Surveyor, which he is 
obliged to maintain with such care, viz., delicacy of eye and 
touch, and rigorous modes of thinking, would be injurious in 
the details, and there would onK’’ be a loss of time in chancinff 
fi'om one work to the other. They require in fact, people 
diflerontly trained, with instruments of different calibre, and 
of difTercnt constitutions of mind. The Trigonometrical, from 
being freed from details, has been able to progress more rapid- 
ly, and the great object has been to get the large triangulation 
out of liand, without it nothing systematic or really trustworthy 
can be done. Indeed the principal, and the detail work, never 
could liave gone on pan passu, and if the latter is based on the 
tri angulation, it cannot be liable to any great accumulation of 
error, and may be taken up and organized according to. the 
scale required. 

The maximum error allowed, in lineal measurement on the 
Revenue Survey, according to the test it is submitted to by 
traverse proof, is 10 links in 100 chains equal to 5*28 feet per 
mile of a mile, but in the actual prosecution of the extensive 
surveys of the season 1847-48 covering an area of about 
16,000 (sixteen thousand) square, miles the average ratio of cor- 
rection employed for the closing of the traverses, is found to be 
only 2 Jiei per mile, or rather more than one-third of the 
allowed correction ; per cent, therefore for the pergunnah or 
main circuit measurement is fully within practicability, per 
cent, also may be allowed for the area of the district, ^ per cent, 
for the village survey area, and one per cent, for the interior 
detail measurement of cultivation and waste. 

These are exclusively the errors of measurement. As the 
computation of the Revenue Survey is based upon the wrong 
assumption of the earth’s surface being a plane, certain dis- 
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crepancics, no doubt, wli arise from tliis circumstance; but 
tbeso are in\ariably \ory small in comparison Mith the errors 
of measurement, as will bo oWdent ftom the inspection of the 
follo^>ing Table, ^\licreinitwillbcpcrcci\od that aPergunnab, 
of the a\crage area of 100 square miles, will demand an addi- 
tive correction of 2,969 ^^itare feet, on account of the spheri- 
city of the earth, to givo the ahsolatc supeificial surface or 
contents of the circuit; the required correction is, Iro^v over, too 
small to make its omission of any consequence in a Revenue 
Survey operation. 


I CoroptUwt 1 Cofftction | Computtd | Corrtction j Computed j Correction | 

I ^ 

* I ■ ' 


xey. jcaJ-Arca, |rey. 

eal Area. | tey 

cal Area. 

Sq Tillies 


Sq 'Villen 

Sq Feet 

Sq Mf)cs 

Sq Feet 

1 

|gn|| 

10 

A. 30 

100 

Jr 3969 

3 

■bH 

20 

119 

200 

U875 

3 


30 

367 

300 

36719 

. A 


40 

475 

400 

47501 

a 


ao 

742 

aoo 

74231 

c 

n 

60 

1069 

600 

106076 

T 

la 

ro 

i4aa 

700 

145472 

8 

19 

so 

1900 

600 

190005 

9 

34 

90 

3405 

900 

240475 


But the most severe test to which a Revenue Survey can be 
subjected, is the comparison of its results 
'’'0^' »f <• Trigonomotrical Survey, 
and that this comparison ma^ be perform- 
ed as readily os possible, a due and projicr connection between 
the two surveys is essential, and scrupulously maintained. 
^Vhen this is the case, the principle, agreeably to w Inch the 
map of the former operation may bo corrected by tljo latter, 
may be stated as follow s : 

Suppose A, /? and C, to be three points laid down by both 
these operations. A/ Ji* and CT being the trigonometrical posi- 
tions, wliilc /// IT and C''flre the Revenue Snrve} sites 

9 2 









lliercof’. Now take the licvcntie Survey map and place A' 
tipon yJ" and llicn if tltc Trigonometrical line A'B' be laid 
oH agreeably to its azinnitb, /T may or may not fall upon i?/ 
most probably if will not do so. Again^wlien (7'' is protracted 
ill flic same wav as B', it will most probably be non-coincident 
with Cr. Here is tlicrcforc a triangular tract of country ABC 
which is rcju’csentcd b}'’ two dissimilar triangles A' B’ G and 
A' jrC possessing only a common point yf. Assuming the 
Trigonometrical area A’ B’ G as errorless, that furnished bv 
flic Kevenue Survey, namely, A’'B''C' must not onIy.be 
shifted from its original position, but enlarged or compressed, 
ns the case may bo, so as to produce a perfect coincidence with 
A' B' C\ When this operation is gone through, the Revenue 
Sur^'oy 2 )oints, comprised within the triangle A''B''C', will 
fall into such positions as would make them correspond with 
the Trigonometrical sites A'B' and C'. 

AVJien the first triangle has been corrected, take the trigo- 
nometrical position D' of a fourth point D, and" compare it 
with its Revenue Survey site it is most likely that D' and 
JG' will have different positions. Forming as may be conve- 
nient ABD or A CD or BCD into a triangle, its Revenue 
Survey value may, by a process similar to that just described, 
be made to agree wdtli its trigonometrical value. In like 
manner the remaining parts of the Revenue Survey map may 
be altered, so as to make them conform to the correct areas of 
tlie Trigonometrical Survey. 

When tlie several parts of a Revenue Survey map are alter- 
ed in the way abovemen tioned, the corrections applied are 
supposed to be small, or if large, they are supposed to be in' 
the same direction and proportional to the areas to be altered. 
When either of these is the case, a most perfect map will be . 
obtained. But if the corrections are irregular, that is, if they 
demand unequal enlargement of the different parts of the map, 
or an unequal compression of them, or if some corrections 
require enlargement and others compression, the corrected 
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nnp, in altering tijo rclati\ c positions of \ ilhgcs, n oulcl furnish 
a distorted representation of Iho coiintrj', ’»>ould decid- 

edly be inferior to the original uncorrected map ulnch per- 
haps did not contain these distortions. 

Tlie following comparathc Tabular Statement of the 
numerical \ nines of surveys conducted botli in tlie Nortli- 
AVestorn Proinces as well as in Bengal, and performed at an 
intcnal of 17 )ear&, will best illustrate the preceding re- 
marks. 


fldenue Surivy nf 183i compared with the Tri^nometncal Suriey 

DiilnncfH. 

From Hctc 
nuc*burvoj 

FrcrnTrigo. 

nomcfriual 

burtej 

Error 

Frror 

upon 

iMilc 

1 1 feet 

\f • r 1 1 55535 

1 C7S7I 

1 ' 107906 

1 1 S96S1 

' ' 31170 

' ' 214396 

1 1 1 16637 

Act 

97017 

67639 

I0S028 

90249 

31194 

314886 

1IC0I6 

ftet 

— 28 
6S 
113 
568 
34 
*590 
691 

Art 

I 63 

5 16 

S 58 
33 SO 
4-07 
14 34 
26 66 

Jiereiitte Surtey of 1^49 nmparel vth the 7'riynnomelrical Survey 

pMlanrt** 

From Tl«tc 
nuc*{»iirTcj 

From TnRo 
nomcincal 
Sar%c< 

Frror 

Error 

upon 

1 Mile 

CMcaWi llKf NortU En 1 to 1 
lUraVparna- buff, 1 

Dillo North End to Artnenmni 
CluirthfChinnira, j 

Ditto N< rih I ml to Fort W il / 
liamFJa?«tiafr, 5 

^smalia to ^arnt, . 

to Diamnn 1 Ilarlxiur? 
‘vmaphorr, . f 

fti’l, 

66636 

539«!7 

70196 

22037 

A-ct 

19«C'J 

66731 

36031 

r03’f 

22147 

feet 

— 19 

85 

Cl 

130 

50 

fwt 

4 89 

• 

6 72 

6 03 

9-77 

12-02 


• rfutan ari* <f<^! from iLe following T«1 1f> of ll*e 3fi‘rj J onil 

tnt Tfri^ti 1 ru!»r Ownt naif,. 
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From nn inspection of tliesc Tables it will be seen that the' 
errors committed on tlic two Revenue Surveys range from, 
1 *62 to 33*50 per mile on tlie former and from 4*8 to 12 
feet per mile on the latter, and they all lie in the same direc- 


Mxtract from the Delhi and Snharanpur licvenne Survey, 

Stations. 

Distances from the Jama 
Ulusjid of Delhi, 

Meridian. 

, 

Perpendicular. 

Tower at Gudhna,.. C 

Church at Sinlnna, 

Tower at Snini, 

Tower at Saroli near Sirdan.!, 

Tower at Dholri 

Tower at Karol, 

Tower at Bahin, 

Platform at Cluqjrn, 

K. 5347 
„ 2733 
„ 2142 
„ 2831 
„ 1487 

S, 2641 
„ 3812 
„ 5044 

E. 3205 
„ 1849 
„ 2685 
„ 1387 
» 1187 . 

„ 1530 
„ 181 

W. 1086 

j Extract from the 24:-Pnrgitnnahs JRevenne Survey. | 

Stations. 

Distances from the North End 
Caleutta Base. 

Meridian. 

Perpendicular. 

Barakpur Flag Staff, 

Armenian Church, Chinsura, 

Fort William Flag Staff, 

Saraalia Tower, 

Sarisa Tower, 

K, 283-19 
„ 1000-31 

S. 823-99 
„ 1543-78 
„ 2541-88 
„ 2876-66 

W. 101-30 

E. 136-93 

W. 201-59 
„ 587-87 
„ 955-26 
„ 958-71 

Diamond Harbour Telegraph, 


The distances in these Tables are given in terms of Giintei’’s chain of 
66 feet in length. 

Suppose A and B are tn'o points, the distance between which is required to 
be computed, callings and p the meridional and perpendicular co-ordinates of 
the former point, and m' and p’ the like eo-ordinates of the latter ; then the 
distance of A to B will be equivalent to ^ rxi m'}' ^ (p co p')^} - That 
is to say, the required distance is the hypothenuse of a right-angled triangle, 
whose sides are c/jm'andp cn p'. As for example, the distance from Saird to 
Saroli == { ( 2831 — 2142)= + ( 2685— 1387)=] 2 
= 1469'53 chains = 969'89 feet. 

It should be borne in mind, that when either the meridional or perpendicular 
co-ordinates happen to be of different denominations, the square of the sum of 
the co-ordinates so differing, will require to be taken in lieu of the square of 
their difference. Thus the distance from 

Bahin to Chapra = (5044 — 3812)= -|- ( 181 -}- 1086)=] 4 

= 1767‘23 chains = 1166'37 feet. 
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tion, the Revenue measurement being in defect of the Tr/go- 
nomctrical Survey. Taking the smaller of these discrepan-' 
cics ns tlio error of the Revenne Survey unit, it n-HI be seen 
tliat the greatest error actually committed in the more re^ 
cent operations is only 7 feet per mile. 

The azimuth of any side of the largo triangles, likewise proves 
a check on the deduced azimuth of the Revenue Survey as con- 
veyed from one main circuit to another, and this comparison is 
carefully carried out wlicn opportunity is afforded for so doing. 

Having explained in a general way the principle agreeably 
to which tlio details of a Revenue Survey may be combined 
with the results of a trigonometrical operation, we will now 
proceed to doscrlbo the mechanical process whereby that com- 
bination may bo effected in practice. For this purpose, retain- 
ing tho characters already used, w*o will represent by A’B'C 
the Trigonometrical and by the corresponding Revenue 

Survey triangle. Of tlic three angles of tho former triangle, 
suppose A' to be nearest to a right angle, now take tho sides 
A^B and A'C adjacent to this angle and divide the former 
into m and the latter into n equal parts, m and n being two in- 
dependent numbers. This done, draw* through the dividing 
points of A’B' parallels to A'C, In like manner through 



tho dividing points of the latter, draw lines parallel to tlio 
former. This uill divide llio triangle A'B'C into a certain 
number of spaces, the greater part of which w ill be p.iniIIeIo- 
graiiis, and tho remainder, triangles, as shown in diagmra Xo. I. 
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- After the trigonometrical triangle has been divided 

in the way above describeclj the corresponding Revenue Survey 
triangle A'B” C” may now be subjected to a similar operation 
by dividing the side A'B" into m and j]!' C" into n equal parts, 
and by drawing through the dividing points of either line 
parallels to the other. This is done in diagram No. 2 , and 
the spaces into which the triangle A"B"C' is divided, are 
analogous to those contained in the triangle A'B'C', the 
corresponding spaces in the two figures being marked by the 
same numerals. 

When this preliminary division of the Trigonometrical and 
Revenue Survey triangles has been made, the details from each 
of the revenue spaces are sketched into the corresponding tri- 
gonometrical space. When the sketching of all the spaces is 
completed, the Revenue Survey details will stand transferred 
into the Trigonometrical Survey map. 

It ought to be observed at this place, that this operation of 
sketching, which is performed by the hand and the eye, is a 
guess procedure, and that supposing it to be executed as sldlfully 
as possible, it will always be liable to some error. This error, 
however, will be reduced to minimum, if the spaces to be 
sketched are sufficiently diminished in size. For this jmrpose 
the most convenient form for a space of this kind is that of a 
parallelogram, right-angled or as nearly right-angled as possible, 
with sides varying from one-fourth to one-third of an inch in 
length. The first of these conditions will be attained by con- 
structing the small parallelograms upon those two sides, which 
contain either a right angle or an angle, which is more nearly 
a right angle than either of the remaining angles of the given 
triangle. As to the second condition, it Avill always be in tlie 
power of a draftsman to fulfil it, by assigning proper values to 
m and n taking care that these values come under any of the 
following forms, 2^ 3% 2^ x 3% the exponents p and q being 
any integral numbers whatsoever. When the numerical values 
of m and n are taken equivalent to powers of 2 and 3 , or to the 
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products of those po^Ycrs, the division of a given lino into a 
required number of equal parts will become ns easy as possible, 
it being carried on by continual bisection or trisoclion of dis- 
tances, or by tiiosDlwo operations token combincdly. 

One advantage attending the combination of the Revenue 
with the Trigonometrical Survey,consists in tlic canccimentof 
the errors of measurement which arc almost unavoidable in the 
former operation. Tiio second advantage of such an incorpor- 
ation, is«tbc elimination of those small discrepancies in com- 
putation, proceeding from the wrong assumption made in the 
Revenue Survey of the earth being a plane. But there is a 
third, and perhaps the most important advantage, accom- 
panying the union of the two Surveys, wliich consists in the 
reference of tlic Revenue Survey details to proper meri- 
dians and parallels. Trom the imanner in wliich a Revenue 
Survey is conducted, it may bo easily inferred that those linos 
can never bo drawn with any accuracy in the plan of that 
operation. On the other hand, they can belaid off suth tlio 
greatest exactness la a trigonometrical map, from the known 
latitudes and longitudes of the trigonometrical stations contain- 
ed in iL Suppose the operation of drawing the meridians and 
parallels is executed in a trigonometrical map, whereto tlie 
Revenue Survey details Iwvc been transferred, it is evident 
that that operation will fix the latitudes and longitudes of 
those detoils, a determination which will obviously cnliancc 
their value ns geographical inatcri.i1s, in putting them in nn 
nvailnWe state for the formation of the general atlas of the 
country. 

It is desirable that the trlingnlation should always precede 
the Revenue Survey; it frequently happens, however, that in 
sucli a large country ns India, tlic triangulation has not extended 
over the district marked for thcRcvcnue operations. In this case 
It becomes necessary to fix very carefully all the conspicuous 
objects and triple Junction Porgunnah Stations from one 
jvnrianrnt j^hit of departtire. From this first station, which 


\ 



568 


sliould Le a masonry pillar built expressly (if no convenient 
object jH’esents itself^) all the co-ordinate distances are com- 
puted, and are referrible at any subsequent time to the data 
produced by the Trigonometrical Sui’vey, so that an union with 
it may afford the means of rectifying the topographical 
maps. The stations arc likewise marked as durably as the 
means at the disposal of a Revenue Surveyor will permit, and 
properly connected with every available surrounding object of a 
permanent character, with a view of easy identification ; with 
the aid of a proper map of the district, and full descriptions of 
all the stations so fixed, the Trigonometrical Sui’veyor has no 
difficulty in taking them all up as secondary points. If the 
first point of departime is fixed astronomically, it is considered 
only temporary,, being replaced afterwards by values given 
by the Great Trigonometrical Survey, which are strictly cor- 
rect as to relative positions, and with which no astronomical 
measurements executed by a Revenue Surveyor, can pretend 


to compete. 

Ifrom the year 1822, when the Revenue Surveys first com- 
menced, up to the year 1830, the rate of 
tions. progress at winch the operations proceed- 

ed was extremely limited. Only 3,020 
square miles, a’little more than half a square degree, had then 
been performed in seven jmars, with ten Officers employed in 
the department, the annual rate of progress of each Surveyor 
ranging from 50 square miles to 338 as a maximum, and at 
this rate it was estimated that the area of Bengal and- the 
North-Western Provinces being about 310,000 squai’e miles or 
77 square degrees, "would require 481 years to accomplish.* 
The Officers employed in those days, however, had little or no 
assistance, and the duties performed then by the Revenue 
Surveyor himself, are now entrusted to competent assistants 
and sub-assistants with large native establishments under them. 


* Account of the present system of Survey, &c. By Captain Herbert, 
Deputy Surveyor General. Calcutta, 1830. 
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>\liilst tho Survc}or acts as a Superintendent o\or the mIioIo 
as described in n former Chapter, the result of n Inch Ins been, 
tint during tlio Inst 20 }Oars, or since 1830, tlio i\JioIc of tlio 
North-\\’’cstern ProMUco Districts, nil Bclnrand Orissa, and a 
consuicnbic portion of Bengal Proper, ha\c been completed 
as detailed bolon,* no less than 40 districts of unsettled estates 
amounting to 101,519 square miles, and 13 districts of 
Bengal and Belnr pcipctuall^ settled estates, }iclding an area 
of 53,295 square miles have thus been sur^c^cd in detail and 
mapped, leaving tuont) districts of Bengal, comprising 57,990 
square miles, to be taken up five ofvvlncli arc non iii hand 
In addition to tins, the newly acquired territory of the Pnn- 
jaub and Cis and Irans-Sutledgc States have come under the 


• U^8CTTtrD Djstiucts ScrnrETEi) j 

1 Si rrten Dismters SerrsTro 

1 lanfcput. 

23 ittUelpOfo 

4* Miilnoporp 

55 Piirncah 

S lIumnnAti 

24 III moorporc 

48 Ilil^lcc 

35 Tirl out 

0 VeJhi 

SS SanJi. 

49 Iloog}}} 

S " VflHn?! 

4 Ilohtuek 

26 Allahubad 

oO Shttliaba L 

58 Hhnugulporo 

S Ooorgooit 

27 Goruckporc 

31 Sarun 

59 24 rergun 

C Sulitraoporo 

23 A* ntghtir 

3** Intiu 

Balts 

*■ aroiuffonog 

29 Jounpore 

53 MongJi^T 

— 

pjr 

30 Miriaporp 

54 Bohar 

59 Total Surrey «! 

S aiocrut. 

31 Benaro* 

— 

0 nooluntl^liu 

32 G1 axcrpoJY 

J>i«raicTs m eb Sn rrr 

lur 

33 Jolun. 

1 Papliyc 

3 Goalparra. 

10 All'phur 

34 Dfhrs I>(?on 

2 Ikcrbhuom 

— 

11 UjDOvr 

39 Jlhull Anah 

3. JJaraict 

^ TotaL 

1** MoradalrttL 

35 ‘vhagpoor 

4 . aijnipns ng 


13 Dudann. 

1" Bamslor 

— 

14 Barelh 

3S Ajmore 

PiarntcTS ror Scnvrr 

15 rh 11 bppL 

39 Mairwhirra. 

1 \oiltlca. 

10 Dacca- 

16 Sbahjf! an 

Total, N Vr V 

S Jwsoro 

11 DaccaJcHaJpor*' 

porr 

40 Poow 

3 Ounlvrsn 

12 Backerj^np** 

17 Mutlrx 

41 Cuttack. 

4 Banroorab 

13 Sjihft. 

is AjJTi. 

4* Bilunrr 

3 P najp-poor 

14 Tjpp^rab 

19 J' urrn<^ltbalL 

43 Cachar 

C. VliwnhrdtbaJ. 15 ntill'Vfab 

m V/nptytrrc 

4t 3/Dtoah. 

• 3V>j?fa- 

— 

SI Fi»«»h. 

45 Cl IfagODjr 

1* rnngp'-i.r 

1^ T>UL 

.J Ca^ap-iT 

46 A«janL 

9 lOibna- 



1 V 



o70 


Ilc\ ciiiiG 02)GrtitionSj mid afford a JbnG field of einployiiient 
for the department 

Tlie total area of tlie British possessions in India, including 
Scinde, Puiijaub, Jiillundhiu* Dooah and 
for'sune\^^ Coiintn Teiiasserim, has been carefully estimated 

■ v 

at 800,758 square miles, and the Natiye 
States at 508,442 square miles, making a gi’and total of 

I, 309,200 square miles, as the area of British India, This vast 
superficial extent of territorj is confined within a length of 

II, 260 miles of external boundaiw. The inla7id frontier ffom 
Teiiasserim romid bv the Iliraalavan rantre of mountains to 
Cape Monze in Scinde, is 4,680 miles, whilst the coast line 
from Singapore round the Bar of Bengal, up the H^Ialabar 
Coast to Ivurracliee, is 6,580 miles. Of the iSTatire States, 
about 200,000 square miles are already surveyed, learino- 
about 308,442 almost all wild hillj jungle and of little value, 
to be taken up."^ The proper mode of filling up these exten- 
sive tracts of counti’v. which are not likelv to come under the 
operations of the Bevenae Survey, (supposing the latter to bo 
confined to our own, or the Regulation Provinces) will be by 

minor Triansulation and the Plane Table. The 4 inch or 

— 

2 miles = 1 inch scale, will perhaps be the most suitable for 


* Of the Xative States some of the following are the most conspicuous. 
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tlio n'lturo of most of tlioso counli los, of nljicli on nccmint of 
tJicjr connection ^\itli u*?, the liflhilit> to Jipse to t)io Pan- 
mount Po\^cr, and likelihood of becoming tlie scenes of Mili- 
tary mo\cincnt‘?, ue require to line a good general 5ur\cy 
For topographical nork, in filling in tnangulation with tlic 
I’lano iablc, one man ought to be able to siirao/ 1C square 
miles per (hem, mz, 4 miles by 4 miles— on tlio ^ inch oi 
4 miles to 1 mcli-scale, or per season of 0 months’ duration 
about 2,500 square miles For the ^ mcli or 2 miles =« 1 melt 
scale, only 1 squaio miles per diem can be evcciitcd, or ibout 
GOO square miles per season, and soon nucrsely as the squares 
of the scales 

Of the area aboi emcntionetl, the countries lately lapsed to 
the Bzitish, and which may non bo seen within the red color 
on the published maps, ha\c been included The Jullundlmr 
Pooab with the Kohistati, is about 1C, 400 square miles, and the 
Protected Seikh and Hill States 15,187 square miles, tlio Pun- 
jaub proper may bo said to be 78,000 square miles more, and 
these proMiiccs arc now gradually coming under the JReienue 
operations. Indeed 20,000 square miles of the Cis and Trans- 
Sutledgo States ha\c acUnlly been completed The proimcc 
of tlio king of Oudo may likewise lapse some of these days — 
its area is 23,738 square mile* The Gwalior territory com- 
prises 33,115 square miles, and tlie Saugor and Nerbudda 
n,775 square mile<». 

As a sample of the progrt^s now made by tlio combined 

^ ^ efforts of the Officers employed on tins 

A»cr35l CmI. » i. r , ’ 

side of India, and the coat at which the 
work IS pcrfonncil, tlic followinganahsis of tlie general a\ enge 
rites per square mile, with the total area completed, Js gnen 
for the Xorth-Westem Pronnccs from the year 1833, and for 
Bengal from the year 1838, the first commencement of opera- 
tions doavn to the present time 'llic aicrage for the Korth- 
\\ estem Proimces in the 12 seasons' work, ambunts to 
IK lC-S-8 per square mile, and for Bengal it is in a «iniilar 



ON TI-IE ICIIU8RAH, 

Oil I^ATiYR Field Measureaient. 


CHAPTER I. 

The chief object of the Revenue Survey in India, is either 
formation of a new settlement with the 
Remarks. ^ Zemindars and otiior petty landowners and 
tenants^ or, where the provinces are perpetu- 
ally settled under Lord Cornwallis’ Act of 1790 as in Bengal 
and Behar, the definement of every estate on the Collector’s 
Rent Roll, and to determine the relation of land to jumma, by 
tlie ascertainment of tlie areas and boundaries of estates and 
mehals. 

In very many instances, these estates are so' small or so 
scattered and intermixed, that the Professional or' Scientific 
Survey is unable, on account of the enormous expenditure it 
would involve, to define such minute parcels of land. For the 
general purposes also of the current revenue business of the 
district, a record in the vernacular language is essential, and 
without which the people would be kept in ignorance of the 
result of the investigations pursued. 

For this purpose, therefore, it is necessary for the Surveyor, 
in addition to his own scientific o2)erations, to carry on a . 
Kliusrali or statement of measurement of land, according to the 
native system, known and appreciated by the inhabitants of the 
district, and performed by natives, Avho are well acquainted 
with the nature of the tenures, the general capabilities of the 
soil, and the current dialect language. 
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Sm,h 'inic'vsuiGuicntof tlicKoith-WcstciiiPio\inccs has beui 

entire!) completed, and a settlement of tlioland ta\ concluded, 
but m the Lo\>Gr Provinces, tlic records in the Revcuuo 
Collectors' Offices, and upon nliich the uliolo fiscal and 
judicial business is conducted, actunlly show nothing more 
linn the mere name of the estate and the amount of land-ta^ 
(jumma) paid by the proprietor, and even this is frequently 
obscuic and undefined, whilst the villages and portions of 
villages of which it consists, scattered perhaps m different parts 
of a Pergunnah arc known onlj to the proprietor, or his 
agent The chances, therefore, of an auction purchaser 
obtaining uncontested possession of an estate are ver^ remote, 
and in many eases whore Government have become purchasers, 
the authorities haic been unable to trace the lands composing 
tlio estate, or else, wliat they have been successful m finding, 
has been insufficient to meet the jitmma assessed Tlio 
absence of all authentic data regarding tlicir districts, having 
long been severely A.U bj the local civil authorities, tho 
Revenue Survey has been ordered to extend its operations 
over the whole of the Regulation Districts of Bengal, and 
we propose to treat of the method of conducting an efficient 
KUusraU measurement and to explain the difference necessary 
to be observed m Unsettled Districts where tlio assessment 
follows in the tram of tho survey, and xn the perpetually 
Settled Provinces, whore no settlement is intended, but for 
which a faithful record of estates pajmg revenue to Gevem- 
ment is so much nccdetl 

Itmust first bo understood that the * Khusrah’ is a distinct 
operation altogether from tho Professional Survcj , the latter 
is porfonued on scientific principles, with first-rate instruments 
and b) experienced Luropeans and Cast Indians, aided also by 
natives trained and educated for tho purpose, the former, on 
tho contMrj, ap|>cars to be conducted bv tlio rudest methods, 
and 1) nn infcnor, though intelligent class of mines, the 
onlv instrument usetl being i roj>c, rod or chain* according to 
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ihc pi-iincv.'il oustoni of tijc districL With no compass, or 
any thing, but liis rojie to guide iiiin, tlie native Ameen is 
expected to measure a village, the total area of which must agree 
with the area defined by the Professional Survey within a cer- 
taiti percentage, and to deduce the intermediate detail areas of 
every species of hnditndcr enUivation;' ‘‘thrown nut ofcultioa- 
tion,'' that which is *\fdfor cultivation^''’ “ tvaste or jungle, “ sites 
of villages and gardens “ topes of trees;'’ &c., the separate 
contents of which shall, in the aggregate, make up the correct 
total ai-ea of the village, to form the basis of the Revenue 
Assessment of the Monza or village. 

As a general rule the term “ Measurement is always applied 
to the Khnsrah proceedings, while tliat of “ Survey’'’ more 
properly belongs to the scientific portion of the operations. 

As a preliminary and most important part of Survey Ope- 
rations, the accurate demarcation of bounda- 
ries, and settlement of digsputes, is carried on 
by a distinct establishment specially appointed 
for the purpose, and although this duty is not actually in the 
province of the Surveyor, forming as it does a judicial proceed- 
ing, still the working of the system and its connection with 
the survey, should be fully understood, its notice here there- 
fore will not be out of place. A Covenanted Civil Officer 
vested with the powers of a full Collector, having a very efficient 
establishment under him, consisting of Uncovenanted Deputy 
Collectors, Peshkars, and Ameens, of the strength noted in the 

margin, precedes the survey. 


Doninvcfttion 
of Bounilnrics, 


For 12 jMoNTHs. 

2 Uncoveunnted Deputy? -n 
Collectoi’S, at 400, ... J 

4 Peshkars, at 40, „ 

12 Peaclahs, at 3 

Foe 6 Months. 

40 Ameens, at 17 Es. 

each, ... 

12 Pcadahs, at 3, ... . 




9,600 

1,920 

432 


4,080 

216 


Per Annum, Es. 16,248 


> 

in such a way, that the 
Sui’veyor may alwaj’^s find 
adjusted boundaries, and 
plenty of them, to keep his 
parties in full work. The 
chief object of this Officer is 
to keep so well hi advance, 
that no hindrance whatever 
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may occur to tlio Surveyor, lie lias to furriisli a sketch map of 
the boundary of every village demarcated, exhibiting the 
points at which mud pillars (or Thahs) or other marks have 
been erected at certain measured distances, generally about 
200 to 300 feet apart, together with a file or mtsl, explain- 
in" the position of these marks and the. names of adjoin- 
ing villages. At every principal angle or bend of the boundary 
a mud pillar (or Dhue) such as is seen in Plate No. V., is erected^ 
and at all triplejunction points these distinguishing marks are 
found, about 5 feet high, and nt the intervening distances 
smaller marks, bamboos, sticks, or smaller mud pillars suffice. 
An acknowledgment (suppoordnameji ) from the several parties 
concerned as to the accuracy of the boundary laid down, and 
for the preservation of tho marks pending the survey— -and a 
roothd csplaining any peculiarities in the villag'o — ^the nature 
and names of tho included mehals or estates, and w'hether 
lUcse wo any other lauds belonging to tho village, detached 
in other parts of the perguunah ; or if it contains interlaced 
lands belonging to other villages — together with remarks as 
to the prospering condition of the village, or otherwise, tho 
estimated proportion of cultivation to waste, and so on — are 
included in the file. 

As soon as tho Pergunnah is completed a correct list of 
villages is made out, together wdth a general rough sketch or 
mooJmiUce map, exhibiting every village circuit in its proper 
relative position. These documents arc fonvarded for the use 
and guidance of tho Surveyor, and without wlu'ch it would he 
difficult for him to proceed. So much importance is placed 
on the due performance of this duty, that Surveyors are 
positively interdicted from surveying any boundary, unless 
they arc in actual possession of the demarcation papers. 

They are tlius entirely dependant on the proceedings of tho 
Settlement Officer for a fair field to labor in. ^V}Jen tho marks 
are erected in the field they arc frequently destroyed, both by 
tho elements and by the village people, without therefore 
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the sketch map to guide iiinij the assistant employed on the 
boundary survey is liable to take up a wrong boundary. In 
some instances, great confusion has arisen and revision become 
necessary, from the absence or inaccuracy of these documents, 
the village Thalibust map therefore is required for constant 
reference and is placed in the hands of the European Assis- 
tant, who undertakes the Professional Suiwey. A specimen 
of this map is given in Plate XIIL, and it may be observed 
that the outline boundary should be sufficiently appi'oximate 
to the map by actual survey, as to admit of easy comparison, 
and the professional map of every village must actually assi- 
milate with this Thakbust before it can be passed, a state- 
nient- to this effect being appended to every ma]? by the 
Sm’veyor. In some districts, however, the maps are not so 
good, the bends and turns in the bomidary being sketched 
in, without reference to their actual length by measurement, and 
which frequently distorts the shape of the circuit veiy consider- 
ably, rendering a comparison with the true surveyed boundary 
impracticable. To obviate this, a scale has been introduced, 
and even a compass put into the Thakbust Ameen’s hands, 
with which he goes round the circuit, taking a bearing for 
every bend, and laymg the same down on his map by the aid 
of a paper protractor. This system is now generally intro- 
duced in Lower Bengal where the intricacies of the bounda- 
ries, and the insubordinate ^conduct of both landowners 
and ameens rendered it more than advisable to adopt some 
further check on the demarcation operations, to prevent if 
possible the system of guess work, so frequently resorted to by 
the latter class of persons. 

The nature of the village boundaries in Bengal is such, 
that it is feared even the present complete and expeiisire 
operations are insufficient to enable entire confidence to 
be placed in the maps; without any natural boundaries 
or permanent landmarks, there is no method by which 
the lines and bends represented on the inaps and called 
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lound-tncs, can bo proved mathcmatjcally, and until a 
more stringent law is enacted^ to make tlio investigations 
now carried on, permanent and unalterable, even m the 
CimI Courts, tbo zemindars will oppose and obstruct, and 
bo perfectly indifferent to the recorded boundary of their 
villages, knoning that the question of their rights of pro- 
perty, IS not olTected by the investigations under Regulation 
yil of 1822 , by Uncovenintcd Deputy Collectors, oi even 
by the Settlement OiKcer who exercises the poweis of a 
Collector 

It 13 very evident that with such precautions, and with 
such lahoi and expense, if village boundanes, obtained by 
three distinct inv estigations, compared and found critically 
to coincide ono with the other, and all disputes carefully settled 
and decided as well as attested by surrounding zemindars, 
arc afterwards to bo impugned, and on subsequent com- 
plaint in tlio Civil Courts arc found to bo at variance with 
the absolute limits of tlic estate as then pointed out, then 
no blame can bo attached to any one, but tlicr zemindars 
themselves, combining togethcif fraudulently to mislead, or 
else, carelessly indifferent or ignorant of that which the 
Government takes such pams to ascertain By making 
the proprietors of the soil fully alive to the final importance 
of the survey operations as regards then rights^ this evil can 
alone bo remedied Tlie result of tbo survey in Bengal 
may then prove of equal value to the Government as 
it now docs in the Korth-ircslcm Provinces. In every 
local Court, the survey records aro there appealed and 
referred to, with confidence, to Iho unbounded advantage 
of every department of public business, and the ease and 
relief of every ofTiciak 

Die present extent of survey establishments, and the 
rapid and efficient manner lu which they have been biougbt 
to carry on their operations, renders it imperative on the 
Kovenuo Officer to be at least one *501300 m advance with 
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the cleinarcatioiis. Without this^ the Surveyor could not take 
the field in December with any chance of finding uninterrupt- 
ed workj and unless the demarcations are well in advance, the 
operatioj)s become a mere clog on the Surveyor, adding great- 
ly to tlie expense of the survey, and rendering nugatory also 
the heavy expense of the revenue investigations. It will also 
be apparent that tlie utmost necessity exists for all the dis- 
pxited cases to he properly adjusted and settled prior to survey, 
without this sine qua non, double measurements must be resort- 
ed to, and the records of the survey not only delayed but 
thrown into confusion. 

The Pergunnahs demarcated one season, may occasionally 
require to have their Tlidlis or marks, which have been washed 
or blown away during the intervening rainy season, re-erected; 
for this purpose, merely a few Ameens sent round again early 
in October or November, are sufficient to induce the village 
authorities to replace the marks according to the investigations 
' previously conducted, and thus Surveyors are amply provided 
for starting their work at the commencement of each Field 
season. ' . 

The " Khusrah” as well as the Professional Survey is done 
mouzaioar, or village by village. In Unsettled 
districts it is necessary to measure by Khusrah 
Md Unsettled Qyery villao;e and carefully to investigate into all 
the details of the qualities of the soil, nature of the 
crops and every other description of information tendmg to 
facilitate the assessment with every individual proprietor, and 
at the same time to preserve the rights of their subordinate ryuis 
or cultivators of the soil, by recording their separate fields, 
and the terras on which they hold them from the zemindar, 
and to render the duties of the Collector of Revenue, as 
plain and distinct as possible. 

In Settled districts, the areas and boundaries of mehals being 
all that is required, the Professional Survey is able of itself to 
ascertain this, when an estate consists of one or more integral 
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nnd compact villages — and no Khusrali is tlicrcforc necessary. 
But u here the villages contain such an intermixture of property 
that the Professional Survey is unahle to define it, then the 
native field measurenicnt.or Khttsrah is essential to supply the 
deficiency. By these means the scattered lands of every mehal 
or village, however intricate, are brought together, and the 
aggregate areas thus obtained, are recorded on the plans of 
the Professional Survey. TJjo Khusrah measurement there- 
fore is only resorted to, when the division and intermixture of 
property is so minute and intricate, that the details cannot be 
professionally sun’c^’cd, except at a most disproportionate and 
unwarrantablo expense. Where there may be only one of 
two parcels of intermixed lands in a vilfage, of course the whole 
village should not be measured by Khusrah on that account, 
these parcels may easily bo shewn by the Professional Survey, 
but where estates arc held ijmallec, of in shares, and the 
lands are divided field by field, Khct-hnt (in Bcliar phrasoo- 
log}’,) or Petulgohh (as it is termed in Bengal) the Khusrah, 
properly attested by tlio parties, is the only satisfactory, if not 
the only attainable, record of the state of tho property. In 
Scitkd provinces therefore only a small moiety of the villages 
come under tho Khusrah operations, generally not more than 
about 15 per cent on the entire area, and as tho nature of tho 
soil nnd crops is a point of secondary importance, tlie labors 
and anxieties of tho Surveyor arc greatly diminished and a 
vast saving of expense also effected. 



CHAPTER 11. 


Ox THE SIODE OF PROSECUTING THE KnuSRAU. 

The number of villages requiring this process being ascer- 
tained from the lists' furnished by the Demarcation Officers, 
the Surveyor at the commencement of the season appoints as 
many Ameens as he calculates will be able to keep pace with the 
professional work^ (a very important point) and in most of the 
surveys of late years from 100 to 200 qualified men have 
been employed annually. The correct boundary of the 
village having been demarcated as before explained^ the 
Ameen is deputed with suitable Perwannahsj (written orders 
or summonses) and copies of the Thakbust papers for his 
guidance ; ,.J)C proceeds at once to acquaint himself with the 
names of the chief Proprietors, Farmers and Gomastas, (or 
agents) and speedily enters into arrangements with them, for 
commencing the measurement of their fields, and demands the 
rceortls- t»i’ any former measurement which may be in exis- 
tence, to assist him in his investigations, and to enable him to 
have some clue as to the rights of property in the village. 
AH preliminaries being settled, which takes a considerable 
time to effect with recusant and unwilling landowners on 
the one side, and exacting Ameens on the other, the Ameen 
commences to measure each field or plot of ground with 


tlio lincnr 'measure in general nsc in the Pergunnah or 
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bamboo Jield in tlie confro, aiul f brown down foucliing the 
ground at either end. Every field is tlius measured in the 
form of a parallelogram by simply taking tlie length and 
bread tl), (or the mean of several measurements where the 
sides arc unequal) the position with reference to the adjoin- 
ing fields being also carefully recorded. The measurements, 
whatever they ma}- be, arc called out loudly, for the informa- 
tion of attending witnesses, and of the rojo-nuvccs, or village 
writer, who tollows tlie Amcen, and takes a verbatim copy, 
for tlie satisfaction of the proprietors, and as a check against 
the Government functionary. 

Tlic field measurements are entered in a Tabular form of 
tlie description shewn in the preceding page, 
every holding and parcel of land differing in 
quality, or coming under the various^ denomina- 
tions of settlements, whether lakheraj, (rent-free,) &a, are 
recorded separately, each field being distinctly noted as lying 
to tlie E'ortli, East, South, or est of the preceding one, and 
distinguished by the name of the jotedai’ (or cultivator) as well 
as proprietor, together with sucli other natural landmai'ks as 
may exist 

At the same time with the entry of these particulars, the 
measuring Ameen constructs a rough cgc-shctch (or shnjreli) of 
the relative positions of all the fields, numbered to correspond 
^Yitll the Register or Field-book — and which therefore forms a 
complete index to this document This map is merelj’- traced 
by the hand, without scale, rule or compass— but by constant 
practice and a naturally’- quick eye, the Ameen is able to put 
each day’s work together, so that when the whole ^illage is 
completed, the exterior outline or contour of the houudary, 
bears a sufficient resemblance to the professional map, as to 
admit of easy comparison, and considering the means employed, 
and the large number of fields so put together, averaging 
from 1,000 to 1,500 — it is only to be wondered at, that such 
accurate aud useful results are arrived at. Plate XH’’. is a 
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specimen of an actual measurement prepared m the uvay 
described in the Sarun District This map and register 
affords information to tlie most jninuto details, as to the posi- 
tion, size, and condition of fields, tlio roads, T\*atcrcoiirses, 
nullahs, &'C., wjtliin the limits of the Xillagc, forming a com- 
plete foundation for the abstract of estates (or hhatteeaicoonee) 
rc(iuired for the purposes of assessment, or the Mehal^var Kc- 
gistcr, Avherc no frcsli settlement is nccficd. It must hero be 
remarked that llie JielJs recognised and adopted on tliis side 
of India, arc not arbitrary squares and parallelograms formed 
and moulded at the time of measurement, for the express 
cou\cnicncG of the Surveyors or revenue operations, but 
fide the small and intricate plots of land pointed out by the 
people of the soil according to their onm divisions and sub- 
diusions, and consistent with immemorial riglit and usage. 
They manage tlioso tilings differently at Bombay ns■\^illbo 
seen from a pamphlet lately published quoted below,* Al- 
though there arc some points connected with their mode of 
conducting the Kliusrah, especially as regards tho permanent 
fixture of the boundaries, and the completeness and sufficiency 
of their law and consequent understanding with tho people, 
which might bo followed with advantage, we cxtraci: three 
rules which would appear somcwliat at variance with tho pre- 
conceived notions on this side of Jndia,t 

* J’nfc ClJTaal *6® Sjstcm of ItoTcnnc Surrey nnet 

As<c«inrnt in ihc Bombay PresiJencr. IVinCcd by order of tlio Goremment 
oflkinjbay, 1850. 

t IJuIe 1 , 4 “ Th<* number of acres for each description of sod 

and culture capable of cultiiatioo by a single pah of bullocks haring 
been dctcnainwl, ihc size of ibe iiclds should be so regulated ns lo 
contain from this to double ihai number of acres " 

Ilulo 7, Pago 21. ** UTien two rjots hold a field and one of them 
rtlinipushcs his share, or dies without heirs, the share thus lapsing U 
to bt oFvr«xI m the first iiistaneo to the other sharer before it li oflired 
to any other party, and in eicnt of the said sharer declining it, and, 
no other partj srrV'f*® 1* ®P» former nurt rtUnquuh his 

thite too, ond allow the whole field to become waste I” 

‘ 4 C 
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lanclom, and describing tlie true produce and capabilities of 
llie soil. It is sonieliines the practice to measure a line right 
acioss the vilhigc and to note the several distinct properties 
as tlicy fall under, or intersect this line of measurement, and 
by this method a larger number of fields are checked than 
could otherwise ho done. The Khusrah is likewise subjected 
to the personal supervision in the field of the Surveyor and Ins 
European Assistants, and to examination and check as to 'the 
accuracy of tiic figures in the offices. The establishment gene- 
rally sanctioned for this pimpose is as follows : 

^ 1 Head Moonshee at 20 to 30 rupees. 

Por 12 Montlis, < 1 Haib ditto at ] 5. 

Mohm’rer at 10, 

( 4 Purtall Ameens at 1 5 to 20 rupees. 


Por 0 Months 


■ { 


8 Peaclahs or Measurers at 3, 


or onePiu’tall Ameen to 25 Measuring Ameens, and with such 
assistance tlie Khusrah operations ought to proceed systemati- 
cally and well. Each European Assistant and Sub-Assistant 
Surveyor performs this field Imtehan, or supervision of a 
certain per centage of the villages within, his division, 
rendering a report of tlie results, to the Revenue Sur- 
veyor after the following form, and this Purtall is filed 
with the misl. 


If, on a comparison of the Aineen’s measimement with the 
professional area, or tlie Purtall, discrepancies are detected, tlie 
offender may be summarily punished by fine, or in a case of 
fraud against Government the case if made over to the Zillah 
Criminal Court, is punishable by fine to the extent of 200 
rupees, or in default of payment to imprisonment for a period 
not exceeding six months. The difficulty of keeping a large 
body of Ameens in order, must be obvious, stringent discipline 
is therefore absolutely necessary, and a single case made over 
to the Magistrate, invariably instils a most wholesome awe in 
,tlie rest of the establishment, and the effect produced is most 
advantageous. 
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On tlio completion of the measorement of a village tho 
Khusrali mtslj or cJiitla, or Field-book as before 
It4-conli limr dcscribcd, IS copiod out fair, and the total area 

rroparwl aadtUs- t i . , 

i-.vJ of ana abstract of aotaila duly recorded on tho 

fly-leaf. This document, together vith tho 
field tuaj', is signed by the several proprietors concerned, an;' 














. 5.00 


objections being fully enquired into, on representation to the 
Superintending Officer. After passing the test of the Purtall, 
and the total area of the village coinciding within the allowed 
limits with that of the Professional Survey, the field map is 
compared with the Tliakbust as well as the professional map, 
and the whole file then made over to the Settlement Officer, duly 
signed .and attested on every leaf, all erasures being specially 
accounted for. If a settlement follows, a further enquiry is 
instituted by the revenue authorities as to the description and 
quality of the soil .and crops. The hhatteeaiooonee, or abstract 
of the number of fields appertaining to each estate, is then made 
out, and this forms the basis on which the assessment is levied 
or the Meh.alwar Register is constructed in English. On the 
latter record being formed, with all the statistical information 
available from the village maps, a volume for each pergunnah 
is finally deposited in the Collector’s office for the benefit of 
the public service. The vernacular files and Khusrah maps 
are deposited in a similar manner, and as the attainment and 
preparation of tliese documents has been laborious and expen- 
sive, so should their preservation and safe custody be equally 
cared for. 


Whatever may be the nature of the Measuring Ameen’s 
record of the soil, or produce, Zemindars have 


Objections to 
Ameen’s pro- 
ceedings. 


alwaj’^s various objections to offer at the time of 
signing their agreements, and invariably press 


for a reduction of the estimate and a further 


investigation on the part of the Assessing Officer. The point 
is an important one, and however well a Surveyor may 
watch over his Ameeus, it is almost an impossibility to pro- 
tect effectually the Government interests in this respect. In 
anticipation of a new assessment, the people have recourse to 
all sorts of stratagems, lands are thrown out of cultivation 
and allowed to run to waste, and vegetation being so rapid 
in India, a single season is sufficient to prevent a fair identi- 
fication of the soil. Ameens likewise are notoriously venal. 
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and an understanding is soon inado witli the village autliori- 
ties, who arc in the hahit of paying a certain black mail, for 
every lecgali, tite quality of which is underrated. As detcc- 
tion, however, is more than prdbaWc the promises made at 
tlic time of measurement arc not always carried into effect 
hy the Amcen, when ho lodges his Ivlmsrah, and the decep- 
tion is not discovered by the Zemindar until tlio time of set- 
tlement arrives, and then he enters general complaints against 
the measurement, 

Tho duties of Ameens arc extremely irksome and labori- 
ous; perfectly dependant on the will and pleasure of Zemin- 
dars and other lazy village autlioritics, for the prosecution 
of tlieir daily work, and for which they are paid very insuf- 
ficiently hy Government, it is not surprising that they must 
live hy other means, the remuneration therefore comes from 
tho people of tho soil. Where payment is made by contract, 
tho Amcen must be compensated for tho delay which tho 
Zemindar deems if actually necessary to his dignity to ob- 
serve, and until several petitions have hocn mad© against him, 
ho does not dream of making a move to co-operate with, 
or assist tho Amecn. Such a system is much to bo re- 
gretted, but no endeavours, on tho part of a Surveyor, can 
remedy it 

Tho non-attendance and opposition of the village authori- 
ties, Gomaslitas, and people generally, and tho 
consciluont detriment to a survey is a most 
serious evil Every subterfuge is used to delay 
proceedings, consequently innumerable complaints are made 
by the Ameens, wiiich arc met with counter charges of extor- 
tion and corruption on tho part of land owners, tJie investiga- 
tion of such cases forming a very pretty item £a tie dav’s 
labors of a Superintending Officer. In all svxrej szd 
surement operations the v'cry vitality and enfe of a 

good season’s work depends, not on mere comjiHimee sni 
a tardy attention to the wants of the par^, hm Saim ivtmidiiste 
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aiicl rccahj co-operatloii with tliem. The demands for attend- 
ance to-day, when tlie survey approaches a certain spot, are 
vitiated if not responded to for a week or fortnight, by that 
time the advantage is lost, and most likely the necessity no 
longer exists. In the Professional Survey particularly this 
is much felt, scientific operations cannot stop, expensive 
establishments must advance, and. show a certain amount of 


work at the end of the month, and by the time a village autho- 
rity thinks jiroper to do the very little that is asked of him, the 
survey in all probability is some miles in advance. For this 
cause an Ameen is tied down to a single village the greater 
part of the season, and it is most difficult to estimate the pro- 
o-ress of the Khusrah, or to calculate on having the whole of 
the villages which have been included in the Professional, 
completed by the Aineens. 

TJic notice of the authorities and of the Government has 
constantly been ebawn to this subject, and a 


Attonclanco of 
Landowners how 
enforced. 


new enactment has now been published, 
which, though it does not go far enough for 
the cm-e of the evil, still supplies a partial 


remedy, which it is hoped will have some good effect. Act 
No. XX. of 1848, " for better enforcing the attendance of pro- 
« prietors and farmers of land before Collectors of Land Ee- 
venue in the Lower Provinces of the Bengal Presidency, 
authorizes the infliction of a daily fine, not exceeding in any 
case 50 rupees, on any farmer or proprietor who shall refuse 
to attend, or cause his agent to attend, when duly summoned, 
and the amount of such fine accruing due, from time to time, 
may be levied without further confirmation by the same pro- 
cess as is prescribed for the recovery of arrears of revenue. 
Every such fine, and the amount levied, from time to time, 
beinev reported to the Commissioner of Ke venue, and to whom 
appeal is open in the usual manner, such appeal not to pre- 
vent the levying of any fine so imposed, pending the appeal. 
Hitherto, before a fine could be levied, the tedious proceeding of 
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obtaining tlic Commiasionei’s confirmation Iiad to bo gone 
tbroughj and by tlio time this was done the business perhaps 
>\as concluded, consequently such fines wcic seldom if o\cr 
upheld, and tlic imposition bccimc anemptj form It is to be 
hoped tliat tho present law is not put into the Iiands of the 
executive for more show or form, but that it may bo brought 
info ph^ c/Tcctually and instantly where necessary, so that tho 
serious loss of time to Surveyors and consequent increased 
cost and expense to Gov eminent maj in a measure be avoided 
When once an example is made in a Porgunnah or District, no 
further difficulty is experienced, and all parties are saved a 
great deal of annoyance and extra laboi Tlie Revenue 
Surveyors in Bengal aco all vested witli the powers of a De- 
put) Collector under Regulation IX. of 1833, with a view of 
giving them some weight and importance m their several dis- 
tricts These pow ers arc not often required to bo put m force 
in consequence of tho presence of the Settlement Officer, but 
still, m cases of contempt, not mvolving a case of resistance, a 
fmo may be lev icd, and in minor cases penal powers can bo 
exercised under Section 21, Regulation IV of 1793, Section 6, 
Regulation XII of 1825, md Clause 3, Section 23, Regulation 
VII of 1822, imprisonment in the civil jail for a peiiod not 
exceeding C montlis, being the alternative m default of pay 
nient of fine, under Clause 7, Section 45, Regulation XXIII 
of 1814 

The number of Khusrah Amcens generally employed on 
tlio Bengal Sun cjs varies from 100 to 150 
th'i Strength of tho Professional 
Rstabhshmcnt, and the average number of 
V illages requiring the detailed measurement T hero is, how- 
cver, no fixed limit, it being m tho power of the Surveyor 
to apply as rnanj men as the nature and progress of his 
work demands, and the rate of payment being solely by 
contract for tbe quantity actually mvasurod, it is of no 
consequence, as to tbe exact number entertained. It is ne- 

4 D 
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ccssavy always to liavo plenty of tliese men wlio are aWe 
to conduct their duties systematically, and in strict acccor- 
dancc with the orders laid down for them, and to train 
and instruct others who may always be ready to he enlisted 
in the service. Ameens are generally to bo found and are 
easily taught, tliough good and trustworthy ones ax’e not quite 
so easy of attainment. Each Ameen generally is obliged to 
employ one or more mohn-rurs, (writers) and after a season 
or two, these men become experienced and fully qualified to 
undertake measurements themselves. Thus a full comple- 
ment is always kept up, and spare men available on every 
emergency, and as a survey is extended from one district 
to another tlie Ameens are taken on, with the rest of the 
Establishment. 

In unsettled districts the proper number of Ameens neces- 
sary to keep pace with the Professional Survey also depends 
very much on the nature of the tenures, and is always fluctuat- 
ing. If the settlement is to be made ryuiwarry then every 
separate field under a separate cultivator (ryut) must be de- 
fined, and the proceedings become very tedious and volumi- 
nous, but if the agreements are to be made only with the 
maliks, talookdars or proprietors, the record of estates only is 
sufficient, and an Ameen can in the latter instance make in- 
finitely greater progress. Much depends on the humour of the 
Zemindars, if they will readily afford assistance, the Ameen 
can get through his work in half the time it otherwise takes 
him ; some Ameens will remain the whole season in a mode- 
rate sized village, whilst others will complete ten times the area 
in the same time. There are so many things to facilitate or re- 
tard progress, that it is next to impossible to make any effec- 
tual provision to establish an uniform rate of work, and for this 
reason a contract payment only can be resorted to, there is no 
limit to the sum drawn for under this head, and it is not in- 
cluded in the fixed annual maximum. The steam, therefore} 
must be put on according to circumstances at the discretion of 
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tho Surveyor, so as to meet t!ie exigencies of the ope- 
rations. 

The first great object is always to keep the two combined 
operations of ICImsrah and Professional well 
Combined ope- up to or abrcast of each other, it being ne- 
proc«^ cessary that the Khiisrah should coincide with 

the Scientific Survey, as nearly as the means 
employed will admit Such a result cannot bo more cfTcctually 
attained than by making tho two operations proceed simulta- - 
ncousli/ under one and tlic same guidance— in fact this is a 
shie qua and for tin's reason tho Surveyor is the proper 
person to superintend and control all the proceedings relative 
to measurements, as in like manner the Civil Officer is for all 
questions and duties of a revenue character. In the North- 
■Westem Provinces, tliis was invariably tlio case, while tho 
quality of tho soil and record of tho crops rested on the 
responsibility of tbc Settlement Officer. If tlie operations are 
under difleront management, it is evident simultaneous progress 
cannot bo expected- The Settlement Officer is cither in 
advance, or in arrears of tho Professional Survey, and if the 
work is carried on witliont reference to the Sur\*cyor, tho 
probable chances arc that the same lands arc not measured, 
tlic Thaks or marks erected in the field from the lapse of 
time, are not found, and thus discrepancies are engendered, 
which will cause extreme difficulty and delay in reconciling, 
and where identity between the two operations docs not exist, 
the matter remains a contested point between the Surveyor 
and Settlement Officer, tho former lias perfect confidence in 
his work, and tbc latter, knowing the impracticability of 
making Ameens rt>measure, or even ro-investigate their work, 
believes that ho is equally as near tho truth — thus constant- 
correspondence between the two offices gives rise to serious 
delay and incessant annoy.inces. On theotlicr hand, iflho 
Amcen is on tbc spot, as lie invariably ought to be when 
tho boundaiy of tbc village is professionally surveyed, and^ 





lioforo I lie ni.'irks and {n'llars Jiavc been removed or 'n-ashed 
away, lie is at once made acquainted witli the correct limits of 
bis work, and by co-nperatin^ witli tbc Assistant Surveyor 
can conqiarc bis exterior boundary, and rectify any errors, 
which bo may chance to perceive between tbc marks on the 
"round, and the Thakbnst Sketch Map as furnished by the 
Settlement Olbccr. .For tlic clieck on the Khusrah to be in 
the smallest degree efiectual, it must bepm;?pt, the delay of a 
year or a season in this rcs])ect will prove Jafal to the value 
of the mcasuroment. 

By these means the records are compared ai once, and thus 
by mutual assistance, both parties proceed with confidence, 
and the first step towards accurac}’^ is attained. The Profes- 
sional hfnps and Registers are all dependant on the IChusrah 
Returns, and bj* the preparation of these, in his own office, 
the Surveyor is enabled to complete and lodge each season’s 
work during the recess, a point of the utmost importance to 
accuracy and fair progress ; and on commencing a fresh field 
season his time and attention is not distracted by arrears and 
an inconvenient excess of office documents, to move about 
with in the district. By an absence of this due and speedy 
comparison of the two operations, both are left in doubt and 
distrusted by the local Officers, and upon this bare fact, the 
survey of wliole districts have been recommended for revision, 
entailing immense expense, as well as confusion in the records, 
and anxiety and vexation to both Zemindars and Surveyors. 

It is in vain to expect a large body of Araeens to be kept in 
check except hi/ the presence oj a Professional Survey, and by 
the knowledge that detection of misconduct is certain, through 
some of the agencies at the command of a Professional 
Surveyor. 



CHAPTER III. 


0^’ THE Cost or the ICnusnAn. 

Tnn follovring Tablo cxliibits tlic general average cost of 
the Khusrali measurement, inclncUng tlie 
^Cost of Khus- purtali Office Establislimcnt, anti proportion 
of European Superintendence on 15 com- 
pleted Survej's in Bengal — from tho pear 1839 fo 1840. 


TalU tshiiiting the aiera/je Cott ^ Khutrah U'pM on FifteeA completed 
JDutnefs t« Sthar and Sendai. 
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It must lie observed lliat whore tlio extent measured is 
gronlosi the expense is diminislicd, tlie cost of superintendence 
and Piirtall being mucli tlic same in any case, therefore the 
lesser area Jins the greater proportion of expense thrown on it. 
An insight into tiie earnings of Aineens in each season, 
would, however, amply show that this class of public servants 
do not depend on the money thej’- receive from the Govern- 
ment, and as before remarked, without bribery and corruption 
they could not possibly exist. Every Ameen is obliged to 
Iceep a hlohurrur and two men to drag his rope, besides ge- 
nerally a Pcadah, a Chattah Bearer, &c. 

Tiie mode of paying KImsrali Ameens is invariably by 
contract ; fees at the rate of aboiit two rupees 
hundred 'acres of land under cul- 
tivation in Bengal, are paid as soon as the 
measurement of the village is passed and approved of, and 
one ru 2 )ee for the same quantity of jungle or waste. This 
sum includes the pa 2 :)er and every ex 2 )ense necessary for the 
imoduction of a fairly written and intelligible record, which, 
eventually, is filed in the Collector’s Office. This rate of pay- 
ment, how’-ever,"’is somewhat higher than that observed in the 
North-Western Provinces, where the remuneration was not 
more than one rupee for a hundred acres of cultivation and 
eight annas for w’^aste. The difference, ho^wever, between the 
two Provinces is great: in one the fields are small and complex, 
requiring much nicety ; in the other the tenures are large, 
and easily and speedily measured. Ameens being paid only 
for work performed in the field it is their object to remain 
out as long as possible, but 8 months out of the 12 is the 
utmost that can be made available for such work. Dm'ing 
the recess therefore it is most difficult to keep this class of 
men in attendance at the office, and if possible miscellaneous 
employment should be found for them, such as the prepara- 
tion of the JDiatteeaiooonee, by which a subsistence allowance 
may be earned. 
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llintloos of llic Kyut casto are ah\ays to be preferred for 
this duty; and all Hindoos before Mussul- 
Castc of Panics men, which latter class of men never seem 

ablo to compete either in accuracy, intelli* 
gcnce, or even honesty ^^ith their Hindoo 
brctlircn, it is therefore customary always to entertain men of 
the latter casto. Generally speahing they are respectable, 
dressed and intelligent, and carry much weiglit with 
them on entering a village, assuming great consequence, and 
summoning tho village authorities to attend them with a great 
deal of parade and show. Tho retainers of an Ameen are 
very considerable, and he never appears out without a bearer 
liolding a chattah (umbrella) over Ms head. 

In some Districts tho Khusrah is carried on very badly, 
no sketch maps are given, and tho Amcen’s file when 
prepared, is hut a dark and doubtful document indeed. If 
there is nn}’ large discrepancy in the area, it is impossible to 
kmtypf from what causes arising, as orders for re-investigations 
in the field arc seldom, if ever obeyed, by an Ameen, and if 
ro-moasurcd produce no satisfactory result. Hevenuo Sur- 
vey ors cannot be too particular in looking after their Khusrah 
w ork, as on its correctness depends the entire value which 
the local chil authorities place on tho survej’ generally, 
and great discredit would attach to any Surveyor, wdioso 
Professional Survey should he revised owing to discrepancies 
hcing detected between it and the IQiusrali. Araecns re- 
quire tlio most rigorous suncillanco, and v\ithout a severity 
and control such as European energy of character alono 
understands how to enforce, without, in fact, they are watch- 
ed and checked with an iron hand, tho utmost difficulty will 
be experienced in pro;jng their measurements, and making 
them coincide with the Professional area. Security should 
always bo taken on the entertainment of Amcens for their 
good conduct and attendance, and no w drk is paid for vmtil 
oppro\ cd and passeil. 
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J o obviate as niucli as 'possible the di/BcuIties attending 
..tlie supervision of Amcens^ the folIo\Ying rules for tlieir 
manageincntj should be attended tOj as far as practicable^ and 
the local peculiarities of a District will permit. 

1st Khusrnh Amcens should be nominated to villafres 
in such a way that they must be present 

Strindinp Jlulcs when the Professional boundaiy sm’vej is 

for tlio {^uidunce , . ^ •« i • ,1 

of Ainoons. laid down — and their personal attendance to 

witness tliis nnportant operation, ought to 
be insisted on, under penalty for non-compliance, a suffici- 
ent number of men being always kept up for this pur- 
pose. 

2nd. Any unusual detention of the measurement j^ajiers 
in the liands of the Araeen after the work is done, must be 
guarded against. As much as is done monthly, weekly, or 
even daily, if practicable, should be lodged in the Surveyor’s 
Office, and constant enquiry must be made to prevent Ameens 
leaving the scene of their labors for their own homes, before 
their papers are finally submitted. 

3rd. No Ameen should be employed who is unable to 
produce a tolerable field map (Shujreh) or sketch of his mea- 
surement, exhibiting every field and delineating the exterior ' 
boundaiy, and who cannot give good tangible security for his 
attendance and good behaviour. 

4th. No Ameen to be nominated to two villages at once. 
As soon as the records of one are lodged in the office it will 
be ample time to give him more work. 

5th. Any Ameen who is constantly complaining of the 
conduct of Zemindars, raises an unusual number of disputes 
and remains in a village any unreasonable period, without fur- 
nishing his measurement, should be removed. Such petitions, 
although often well grounded, are more frequently based on 
motives of private pique and revenge, or to suit their own 
jmrposes, and throwing the entire responsibility on the Ameen, 
is the only effectual way of putting a stop to it. 
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6. When an Amccn is detected in committing fraud, the 
case sliould Le immediately made over to the local judicial 
nutliority. In Establishments composed of 150 to 200 Ameens 
the chances of detection and proof are so slight, that when a 
case occurs, an example of the offender is absolntely essential. 

7. IIa\ing procured the local linear measuring rod or 
rope of the district, every precaution should be taken to guard 
against the Ameon’s using any other. Tlie Icngtli of this rod 
or rope is to bo carefully recorded in British feet and indies 
on tlio ffy loaf of every Khusrah^ as well as on the Professional 
^illngc plans, and ought also to bo made known by istehar 
tiiroughout the district, no other measuring implement but an 
iron chain of the correct length, should now be on any account 
used. 

8. Tlio native method of measuring and calculating areas, 
Icing limittod to rectangular figures, oil ver}' irregular, or 
uneven sided figures, should bo avoided as much as possible; 
where such shaped holdings really exist, the measurement 
should bo divided into separate parcels and recorded under tho 
romorka so tlmt the error of the entire field may bo reduced 
vvitliin the smallest limits. Amcens to save tlicmsclvcs trouble 
arc in the habit of making tlicir fields as largo as possible.* 

Irregular pieces of waste land, and watercourses, site of 
■V illago, (Src., running in the centre of the village circuit, may bo 
seen on all the specimens of Shujrchs of the old surveys, but 
the rcconled area must be far from the truth, neither is it pos- 
sible to construct a map from such moasurements. 

ff. Each Amccifs measurement must be confined to tho 
actual village circuit as laid down Professionally and by Takh- 


• DffinUion cf A ficli! i« tt parcel of Uod lying In one spot m the 

occupatwm fif one cultirfltor, held omlcr one title, and generally known by 
seme name in the riUigv*. The Sorre^or should be irareful not to show two 
fielch as one, nor to ibndc one field into two. Tlie Amcens arc exceedingly 
apt to fall into the first of these errors, as it ensblcs thorn to gvt oier more 
wi*rk, and con‘e<juMii1y to earn more in the coarse of the day whenefcr they 
work ii|*on contrset ” — fittnciicnt ta SrtlfoMm Ofieers.y. H’ P.,pora 24 
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bust. All intermixed lands of other villages or estates found 
•within that circuit to be included in the record under a dis- 
tinct head, but all detached and distant lands, belonging to the 
village under measurement, not to be sought after, or cared for, 
such parcels and portions of land being duly taken up, with 
the village in which they are actually situated. 

10. Full instructions to be embodied in a dustur-ool-oomul 
perwanah (written standing orders) to be given to every Ameen 
prior to his deputation on any measurement, and which per- 
wanah should be copied out in the Ameen’s own handwriting, 
to ensure the contents being, at all events, read, and as a 
proof that he can write well. 

11. In the fair copy of the Khusrah, no erasures or blots 
of ink to be permitted, and the country paper on which the 
document is written should be prepared with a solution of 
Tootia-Metlia and Neem-putta* (articles procurable in all 
bazaars) as a protection against the ravages of insects. TJie 
field map or Shujrehs should be on English paper of a durable 
texture, as they cannot be replaced if lost or destroyed, with- 
out repairing to the spot to construct another. 

12. The fees for the performance of the measurement, not 
to be paid until the work has been compared and found to be 
correct in every respect, and all the i:)apers in which correc- 
tions and alterations may have been made have been duly re- 
placed by fair copies, properly compared and attested. 

13. The areas of the Professional Survey to be carefully 
concealed fx'om the Ameens, and native Omlah of the office, 
and Sub-Assistants to be interdicted from furnishing such in- 
formation either in the field or during the recess. Ameens 
are very liable to make up their total areas to agree with the 
Professional, and by putting in infinitely small corrections 
over a vast number of fields, have the means of producing an 
approximate result. 

* “ Tootia,” Sulphate of Copper, Blue stone, “ Metha,” Fenugi-eek (Trigo- 
nella Foenum-grfficuin). “ Nccm Putta,” Leaf of the Keem Tree (Jtolia 
Semper Virens.) 
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In many districts tiioro will be found a superabundance of 
jungle and wasto lands inconvenient or im- 
Dispojaloftrocu practicable to measure by Kliusrab, and 
or^nasieanajun- jjjgQ the scorc of expense it is un- 

advisablo to permit the Ameen to interfere 
with. Wlicn a village circuit contains a very large propor- 
tion of such land, the existence of which is always ascertained 
by the Professional Boundary Surveyor, the cultivated portion 
of the village should bo divided off into a separate circuit by 
the interior detail Sun-eyor so as to permit the area to bo cal- 
culated by triangulation on the map, and only so much given 
to tlio Aincen for a comparison, of whose work therefore a 


distinct area is found by the Professional operations. The 
junglo thus forming a circuit of itself, its area can either bo 
added to the Khusrali misi in the aggregate from the Profes- 
sional Survey, or a note can bo made by the Ameen that it 


has been omitted in his proceedings. By this metliod consider- 
able expense is saved in the Kliusrah operations, and the ac- 
curacy of tiio area of the cultivated portion, really measured, 
by an Ameen, is not vitiated by the insertion of the area of 
such pieces of waste and jungle whicli it is well known a 


native Ameen cannot^ and will not actually measure in the 
fiehl, but invariably enters it by guess. The small additional 
labor with the Professional Survey Is therefore, in .all respects, 
the preferable course to pursua Of all things, forged moa- 


afu fAu musf to bo rfeprccafcd and guarded 
against, whilst an offence of this nature should always bo 
visited with the severest punishment, the temptation should 


never be put in an Amcen’s way, and if a large portion of .a 
village circuit is reported to consist of jungle or waste land, 
immediate steps shoul^d be token to relieve Jiim of the measure- 
ment of it. Tjie difficulty of obtaining any assistance from 
remindars to dear jungle land, is quite sufficient excuse for the 
Ameen to make, and it is generally set forth pretty strongly, 
and not without justice. On the other band, where merely 
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small patches of waste are scattered about a village circuity in- 
tervening with the cultivated parts, they should invariably be 
included in the Khusrah, for the sake of the comparison of the 
total area of the village with the Professional, as without this 
check, it is most unlikely that the Ameen will be at all cau- 
tious, or be swayed by a wholesome dread of detection in any 
malpractices he may have in contemplation. 



CHAPTER IV. 


O.V A NEW AND IWriJOVED MODE OF CONDUCTING 
THE KiIUSKAH. 

JJ^WINO given the usual mode of native measurements as 
carried on throughout the North-Western Provinces and Ben- 
gal, we proceed-to notice an improved and very superior 
system introduced of late years in some of the Eastern Districts, 
and >vhich, for accuracy and genera) usefulness, far surpasses 
the rude and antiquated specimens which in our own experience 
wo have soon, and had good cause to deplore. 

It is obvious that a heavy file of papers in the vernacular, 
containing the detailed specifications of a village, comprising 
perhaps 1,000 to 1,500 fields, without a map, or merely a rough 
ideal sketch luado without reference to scale and compass, 
must at the best bo a doubtful document, and in spite of the 
strictest Purtall, or check in the field, way contain many in- 
accuracies, anil c'luile fno vigilance ol tlffico examiners. I'o 
obviate such doubts and uncertainties, and to place this native 
process of measuring land on a better comparison n ith English 
conceived ideas, the Amcens in the districts of Sylhet, Jynfcah, 
and Cachar have been taught the use of the compass, and to 
conduct tlicir measurements, and enter them in the Eicld- 
book in such a way, that a lumd Jtde map, by scale and pro- 
tractor, may bo made from it, not only by themselves, but 
by any other unacquainted with the field duties, 

at any subsequent time. 
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^Tlie class of natives usually employed as Ameens in India, 
are proverbially shrewd, intelligent men, and have a good eye 
for surveying, and many rise to be practical Surveyors, and 
use even a Theodolite with facility and correctness. The art 
therefore of taking a bearing with the very simple compass 
which is here described is very speedily learnt, and an instru- 
ment quite sufficient for the purpose may be made up in any 
bazaar in India for about three or four rupees. 

The diagram, page 113, represents an instrument of similar 
construction, an open round box made of brass from 3 to 5 in- 
ches in diameter, and half an inch deep with two upright pieces, 
screwed on perpendicularly, and exactly opposite to each 
other. In the centre of the box, a pivot of steel finely pointed, 
is fixed, on which the magnetic needle freely revolves. TJie 
needle must be made of steel, the North end being well dis- 
tinguished by an arrow, and a small brass cap of a conical 
form (agates not being procurable) in the centre, to rest on 
the pivot. Inside the compass box, a slight ledge is necessary 
to hold the glass, ov^r whicli a thin ring of brass removable 
at pleasure fits tightly, to secure it from falling off. Under- 
neath the compass box, a common socket of about an inch long 
is fixed, for fitting on to the tripod stand, on the top of which it 
must turn freely, with a small clamp screw to prevent the 
instrument falling off when carried from one station to another. 

A paper dial divided into degrees from 1° to 360°, which 
is easily constructed with a common proti’actor, with the 
figures marked in the vernacular character, is fixed to the 
bottom of the compass box, care being -taken to make the 
division of 360° coincide exactly with the hair sight vane — 
and consequently 180° with the ej'-e vane. The degrees must 
be numbered round the circle from zero towards the left, and 
the cardinal points inverted, the result of which is, that in 
turning the compass in any direction, the figures underneath 
the North end of the needle indicate the ^correct magnetic 
bearing of the object, and the observer has only to read off. 
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. Tlie nccdlo must bo properly magnetised, for uliicli purpose 
common borscslioe magnet tvIucIi may be procurable in Cal- 
cuth, for a few rupees, ouglit to be proided by tbeSmveyor, 
and this v, ill enaUo bim to keep as many needles as he likes in 
good order — care, bowover, sbould be taken never to entrust 
this magnet in the bands of a Native, ulio being unac<iuamted 
uith its properties, would be sure to employ tbo negative and 
positive points, to tbo UTongendof theneedlo,and thus render 
tbo compass'’ unfit for all practical purposes and likewise injure 
tbc magnet.* 

. A simple tripod stand of any seasoned wood is also easily 
made up by any bazaar carpenter. The cucular pieces of 
glass to fit o^er the compass box, may bo difficult sometimes to 
obtain, glaziers and diamonds not being plentiful in India, but 
by sending a paper pattern to tbc nearest large toun or city, 
n,suppl} can generally be found, and spare glasses should 
alua\a bo kept ready to ieplaccbreakages.t 

It must not, bon c^ cr, bo imagined that tins roughly construct- 
ed instrument abo\ o described, is the best that can be found, or 
that by proper application through the Go^ emment autborities, 
bettor ones arc not to be bad. In the Go\ ernment msU ament 
maker’s department in Calcutta, tbo best workmanship and best 

• Oa the first inlroJuetion of this system, the compasses wtre aotUingroore 
than mere t/oeii <ff ^twd, liolloncil out to rcccue the neciUts ssith brass up- 
ngbts lyr ani these rough Instruments costing s more trifle (l^ss than 
a rupee), dul elTvctusI semee for eomo tune, until they were superceded by 
the br»M and more durable ones aboro described. ** 

t A Terj Ktnplc expedient for cutting glass, though perhaps but liulo 
Vno,4n, may here be recorded uith adrantage By tahmg any piece of glass, 
fuh as abroltn pane out of# uinjou, and a patr of good sued scissors, and 
placing both hands « ell under cold water. So a Urge c^itfumcfvee or brass 
basin, the glass may be cut round and round until the proper sue is obtained 
The only care that is requisite, is to leep both the glass and the scissors com- 
wdfT tAe intff, and to clip the gl^** Tery gradually, so as not to cut 
off loo large a piece at a tunc. Jn this war many compasses hart been ren- 
den-d simceah’e out lu Jhe yuaglea, aad sVtneens bepv at thur work, when 
othcrrtlte diljy and iDcoDTenieore must hare arisen. 



materials are procurabloj and surveying com^^asses are made 
up, fit for this purpose, equal to any that come from England. 
TJiese, however, are expensive articles, and where such numbers 
are required, economy should be considered. It is, moreoVer, 
the object of these pages to show the readiest and easiest prac- 
tical method, of turning the means at hand, to the best account 
Surveyors should never be at a loss for an expedient, and 
situated as they are frequently, and indeed generally, in tin-’ 
known parts of this vast empire, an ingenious mind, ever ready 
to make shift with such advantages as present themselves, will 
be the surest road to success. 

Being provided with a compass of this simple construction 
and having learnt the manner of reading off, and taking, 
bearings, the Ameen commences to measure the exterior / 
fields of the village, that is, all the fields extending j’ound the ; 
boundary — as shown in the accompanying map Plate 
Eor eacli field two bearings are taken, one for the length and 
another for the breadth, with occasionally a diagonal observa- 
tion for the better connecting link between the several fields;, • 
•and to ensure greater accuracy in the mapping, and also to 
enable the observer to take all his bearings from one station. . 
In the Khusrah Eieldbook, separate columns are given for ' 
this station bearing,” and " distance” as it is called, by which 
means it is not confused with the quantities required as mul- > 
tipliers for the contents of a field. Tlie bearings are inserted 
in the following form, which only differs 'slightly from the 
form before given at page 583. 

For the boundary work, columns 11 and 12, as well as 7 
and 93 are therefore merely required for the due protraction 
of the fields on the map, whilst 8 and 10, in addition to their 
use for this purpose, are alone required for the area of the 
fields, to give the contents for column 13. For the record of 
the measurement of the fields in the interior of the circuit, 
columns 7, 9, 11 and 12 are entirely omitted, the fields being 
put together from their respective linear values. 
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In tlic usual inctliud of measurement, each field is merely 
recorded as lying to the North, South, East or "West of the 
preceding ones,. and frequently even this is omitted, but this is 
not suflicient to ensure a large number of fields plotting accu- 
rately vithin a circuit laid down by compass. Although the 
fields arc for the most part rectangular, still they are to be 
found of various admeasurements and to enable the map to be 
made by any other person than the Ameen liimself, who pos- 
sesses a local knowledge of the disposition of the fields, and 
sketches them in on his map at the time, it is essential to have 
a defined .v/for/'my ‘point for the measurement of each field : 
thus it is recorded in the Klmsrah that field No. 2, commences, 

' fifom the South-TVest corner of 
No. 1 , and No. 3, from the North- 
East corner of No. 2, and in 
this expression of the corner 
starting pointy lies the whole 
secret of the system. If this is 
not observed, the relative posi- 
tions of Nos. 1 and 2 fields 
may be inverted as shown in 
the diagram, and the "whole 
disposition of the fields of the 
entire village thrown out; in 
fact, the Klmsrah Fieldbook 
defies all attempts to reduce it to an intelligible map. 

The circuit having thus been effected, all the interior fields 
are laid down merely with the rod or rope in the usual way, 
but still preserving the corner system, without any further, aid 
from the compass, and by plotting the circuit of exterior fields 
according to their magnetic bearings, the interior details are 
found to fit in very accurately indeed. The first or rough plot 
of course will always show' defects, but all errors are thus record- 
ed on the first protraction, as in Plate XY., and. brought to the 
Ameen’s notice, and after he has put them to rights by re-in- 
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>estigation in the field mid filed Ins ans^ver, the necessary cor- 
jcctions are made on the map, T\Inch will then bear tlic closest 
comparison w ith the Professional one, as regards the inflections 
of the boundary, the distribution ofdctails of cultivation, uaste, 
nullahs and roads, &c., as well ns area, and it is b} those means 
that a Surveyor is enabled to check with the utmost nicety all 
inaccuracies in the Khusrah measurement, and at the same 
time satisfies lumself that the large mass of vernacular papeis 
brought in by liis Ameens are trustworthy, and bond Jide 
contain what thej pretend to do 

It must not be supposed that the Amcen is able to make 
the bearings of largo village circuits close vfithout error hy 
such means, the enormous number of obaer\ ations, to say 
nothing of the very roughly constructed compass, and rude 
measuring implements, forbid this Tlie village is subdivided 
into convenient small circuits of 150 to 200 acres, round each 
of which the bearings are taken, and thus the error in filling 
in the vor} large number of fields, is diminished and compress- 
ed witliin rcasoinblo limits 

One aery desirable object m this method is to place the 
Ivhusrah Pieldbook, in such a form, that any other person, 
who ma} have had no local knoaa ledge and no intercourse avith 
the Ameens, is capable of protracting tlic fields, and construct- 
mg the map, b_j which, eaery inaccuracy in the Fieldbook is 
brought to light and corrected Thus not only the bearings 
of eacli circuit and tlie soieral linear measurements are tested, 
but many otiicr iliscrepancies regarding quality, area, posses- 
sion, Ac. are prominently brought to notice and at once 
rectified 

The circuit and tlie fields in the interior of tlie circuit, 
must be protracted sejarately in the first instance, as from 
inacciirtcies of the circuit bearings and >anous oilier defects 
of measurement and notation of the cardinal points in the 
Khu«rah bieldbook they cannot be expected to fit m precise- 
ly , but after all the defects botli of circuit and interior field 



inen'?nrci)H*h{ huvt' Iku-h ndjusffjd, the fair map is tlicn put 
toijelher. A proporirotial sea/e, .'i or *1 times larger than that 
used for llie JVoft'ssional maps, is cntploved, cither of 12 or 16 
iiielies to the mile, ('efpial to o chains to the inch,) ■\vhicJi is large 
eiKtugh to show the smallest Iioldings. The Plate No. XV. 
e.xhihits the precise method of constructing this Khiisrah map, 
and tlie exjdanafory* tiofes thereon, account for each step in the 
work. 'J’iio ma]) udien completed lias the several items of 
waste, miJlnhs, roads, village site, &c., colored, and shows the 
limits and extent of each interlaced and separate mehal. It 
then bears a perfect resemblance witii tlic map of the Profes- 
sional Survey with wliich it is compared, and identified in all 
its particulars, and by means of a pair of proportional com- 
passes, the most satisfiictory check is established, and no 
doubt can then exist of the true boundary having been adopt- 
ed by both parties. By the same means also, the interior de- 
tails may be taken from the .IChusrah map, and reduced on to 
the Professional one, with sufficient accuracy, and thus save a 
very considerable expense for carrying on this part of the 
Avork by Professional means. 

The fiiir colored Khusrah map may eitlier be attached to 
the Fieldbook, or formed up into Pergunnahwarry volumes, 
for better preservation, and then made over to the OiAul Autho- 
rity, and b^’’ the aid of such records, not only is a settlement 
effected with great facility and convenience, but subsequent 
suits in the Civil Courts are rendered at once intelligible 
and eas}’- of adjustment. In fact, in a country where the settle- 
ment is made ryutwarry, it is difficult to understand hoAV the 
assessment can be fairly levied, and the rights of the number- 
less cultivators preserved, without something of this kind. 

The expense of this method of Khusrah must next be 
considered. -The Avork is done by contract, and the rates are 
nearly the same, as in other districts varying from 2 rupees 8 
annas to 2 rupees 12 annas per 100 acres for cultiA'^ated land, 
and 12 annas to 1 rupee for the same quantity of Avaste, and 
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when tljo extra labor of the system, ami tlic verj* small size 
of the tenures in the Bengal tllstricts is coiisidorecl, this remu- 
neration must be acknowledged to bo very inadequate. Tlio 
only diflercnco consists in the salaries of tlie " Nucksha 
Niivccs” or mappers, who arc employed in the Office, and 
receive from 10 to 20 rupees per mensem, but with tliis extra 
expense, the general average of the Khusrah work thus per- 
formed in Jynteah and Sylhet, as exliibited in the Table in 
page 598, forms a very good comparison witli the 15 districts 
therein enumerated; in fact, the cost is lower than 6 of these 
districts, in none of which do the Civil Authorities possess any 
authentic .Khusrah map, beyond the common rough sketch 
made hy the Amecn himself in the field, and who in so doing, 
of course, takes care to make up his map, whether liis Field- 
book is right or wrong. 

The expense of the Nucksha Nuvccs” also is balanced in a 
great measure by the duties they perform as Pnrtallcrs, and 
the good and elhcient aid they render in this way, more than 
compensates the amount of their salaries. A practised 
Nucksha Nuvccs will protract 150 fields in a day, and this 
quantity has generally been done wlioro the- holdings were 
particularly intricate and small, but \rith inexperienced hands 
and beginners 100 fields is as much as can reasonably bo ex- 
pcctecl per diem. 

The great difficulty in placing this system on an efficient 
footings is thy procurement of qualified Amoens and. Nucksha. 
Nuvccs. But Ameens who arc expert, as the generality of 
them undoubtedly are, and have been shown to be capable of 
producing eye-sketches of their measurements with wonder- 
ful accuracy, and approach to the identical shape of the 
village, may soon bo taught The most intolHgent Ameens 
should bo first instructed in the use of the compass, and to 
construct his own map on any given scale. After a few gootl 
men l>ecomo expert (and wliich they soon will do if the 
Surveyor prrsonnJli/ lalwrs in their behalf, and is not above 



It may be rcMiiarlccd, that if this system is so superior and 
trust worthy, tlie fact of its wider diffusion not liaving extend- 
ed to other di.sfn<',ts, is a matter of surprise. This must un- 
doubtedly be acknowledged, and it is to be regretted that 
improvejucnLs in the Kliusrali liavc not been long ere tliis 
introduced into every survey. TJie principle here spoken of 
has been made no secret on the part of those engaged in its 
practical a}>plication. In some Kevenue Surveys tlieKhusrah 
is too apt to be regarded as a secondary and unimportant 
branch, and all improvements and innovations require gi’eat 
energy and perseverance, as well as other persuasive and con- 
ciliatory qualities on the part of the Surve^mr, whose time and 
attention is well occupied bj'' the scientific portion of his duties. 
It should, liowevcr, be remembered that the IThusrah fonns the 
basis of all the revenue proceedings, and which alone the local 
authorities bring into practical use, and that the result is satis- 
liictory and creditable to the parties employed, in proportion as 
the people of a district enter into their agreements, and pay up 
regularly the jumraa assessed. A good settlement, made with- 
out much complaint and opposition on the pai’t of landowners, 
assuredly reflects great credit on a Surveyor, who will thus 
obtain his reward for any trouble or pains the Khusrali may 
have cost him. 



CHAPTER V. 


O.N TiiL l^ocAL Land Measures, anu more or redug- 
lAG LIIsEAR lATO SQUARE MEASURE. 

Tjie calculation of llio true land or square measure of the 
District, should ho made with the gieatest care, and too much 
precaution cannot he observed, in personally compaiing the 
standard cubit or liath, usually given by the Collector of a 
District On the relative value of tlie beegab, with the British 
Acre, depends tlio subsequent confirmation or rejection of all 
the Kativ c incvsurcrncnts, therefore unless accurate Tables are 
formed at the commencement of operations, the utmost confu- 
sion in carrying on the office duties is lihcly to arise. It will 
then be the first duty of the Surveyor to apply for the standard 
cul/U,ffuz, hath, jurrech, russec, rod, chain, or what- 

ev cr may bo the name of the linear measuring implement in 
use, and ascertain wliat number of such lengths constitute tho 
side of a beegah, TJio local standard, if such a thing exists, 
after being v erj carefully measured sttcral times over, its value 
w/i Vn-c* vWiCk 

the number of square j ards in a beegah is deduced, and from 
thence the number of acres, roods, poles, &.c. This having 
once been established, two Tables should immediately he 
drawn out, one of heegahs conv'crled into acres, and tlie other 
of acres into leegahs. These will save an infinity or trouble, 
and indeed arc absolutely indispensable for tho ready under- 
standing of both Europeans and Natives in a Survey Office, 
and to prevent error in frequently comparing tlie areas of 
liic tno operations. 
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Supposing tlic Icngtli of a rod furnislied hy the Collector 
of a District to he 2u feet, 1’92 mehes, as nseortained by re- 
trialsj and tlic Ijccgah to be a rectangle "wliosc sides are 
28 and 12 of tbese rods respectively, we sliall tlicn have 28 


X 12 t= 8:]t5 .s(|narcrods in a bccgali, and 25 feet, 1*92 inches 
X 12 = 801-92, whicli squared, gives 91155‘78G4 square 
inches in one rod. 'J’lns multiplied by 3.36, the number of 
square rods in a beegab, gives 3O02S344’2304, the number of 
square inches in a beogah, which divided by 1296, the number 


ofsquaro inclies in asquaroyard,givc523632-9816 square yards 
or 4-8S28 acres equal to 4 acres, 3 roods, 21 polos, 8 guards. 
Again, if flic rnssce is found to bo 80 3 -ards exactljq and the 
beeg.ah side is one nissee, then the hacgali will be 80 x 80 

sq. ych. ncro. sq. yds. acres, 

equals 0400 square jmrds, and if 4840 : 1 :: 6400 ; 1*322314 

acres. .acre, I?. P. 

the vnliio of the beegah is therefore 1*322314 or 1 1 11 

sq, j-ds. 

27*60. 

In the North-'W'estern Provinces, the beegah does not vary 
much, the /J/;ra beegah of 2756^- square yards, the beegah 
side of 52 yards, 1 foot, G inches, is common to many other 
districts such as Muttra, Allyglmr, Mjmpooree, Etawah, 
Eurruckabad, &c. Tlie I?e//n Province beegah contains 
3025 square jmrds, or five eighths of an acre (3 roods 5 
Perches) of the standard iZc/u/ guz assumed at 33 inches, 
the beegah side being 60 guz or 165 feet or 55 yards, 
and this is also common to the Umballa, KhytuI, Loodhianah 
and Ferozepore Districts, the Jullundur Dooab, as well as to 
the greater part of Behai*. Tlie best information extant on this 
subject from Prinseifs Useful Tables, is given in the Notes,"^ hut 


The J7a/ii/ gitz of AicnERwas intended to supersede the multiplicity of mea- 
sures in use in the IGtli century, and in a groat degree it still maintains its 
position as the standard of tlie Upper Proiinees. In general, however, differ- 
ent measures are employed in each trade, and the cloth merchant in particu- 
lar has a distinct guz of his own. Thus the cloth guz has assimilated in many 
places to two haths, or one yard ; and the frequent emploj''ment of English 
tape-measure, as well as carpenter’s two-feet rules, will erelong confirm the 
adoption of the British standard to the exclusion of the native system, for the 
linear measure of articles in the bazar. 
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from nil wo arc nblo to gather, we inclino to tlio belief that tlio 
general standard spoken of by Prinsep, was nerer regularly 
introduced into tlio Revenue Survey of the North-Western 
Provinces. In addition to the two becgalis already noticed 
the Benares and Ghazeepore beegah of 3136 s(p yards was 

The true length of the Hahtf gvz became a subject of zealous inrestigation 
by ilr. Collator of Funrkhabad, and Sfajor UoDOSOir, Surveyor 

General, in the year 182-1, during the progress of the great Revenne Survey of 
the Western I’roTinccs, when it was found to be the basis of all the records of 
land measurements and rents of Upper India.— As might have been expected, 
no data could be found for furing the standard of AiojEr. with perfect accura- 
cy j bnt every comparison concurred in placing it between the limits of 30 and 
35 English inches \ and the great majority of actnal measures of land in Ro- 
liilHiund, Dellii, Agra, &c. brought it nearly to an average of 33 inches. Mr. 
Dcxcax, in the settlement of the BAarcs Province in 1755, had assumed 33*6 
inches to the Rahy gut, on the aathority, it may be presumed, of slandards in 
existence in the city, making the beegah « 3136 Sfj. yards. 

Tlio results of the diilercoc modes of determination resorted to in 1824-5, so 
characteristic of the rude but Ingenious contrivances of the natives, oro 
curious and worthy of beiug recorded. Major Zlonosox mado the length of 
the llahy gnz 


Inches. 

From the average racasupcmcnt of TCmen’sfingers’ breadths, es 31.55 

From the nrerago sixo of the marble slabs in the pavement of 
the Taj at Agra, (said to be each a Shahjehany jrur of 42 

fingers?) es 33.58 

Prom the side of the reservoir at thesamc place, called 24 gna,....,. ,=> 32.54 

From the circuit of the whole terrace, B32gu2? i=s 35.80 

Ur. NcwNnasi, from the averago size of 14 char-yaroo rupees, 
supposed to be each one finger’s breadth, makes it » 29J!0 

From (be (ostlmony of Inhabitants ofFarukbabad, 31,50 


From statement in the Aycen Akbcry, of tho weight of tho cubic 
gnr of 72 Unds of timber, (this would require a knowledge of 

tho w eights,) 

Mr. llauicD, from average measurement or246 barley corns 31.84 

From } snni of diameters of 40 Slunsooree picc, =a 32.02 

From I of 4 hamaa cubits measure*! on a string, ^ 33.70 

From average of copper wires retnrned by Tehseeldars of Mora- 
dabad a.s counterparls of the actual measures from which their 


l-t-t-gabi Were forme*!,......... s 33.50 

Mr. Docijr, as above notice*!, 8.«*tuard the llahy guz at Bonarw,... 33.6O 
la Bon illy, IJ.,>oluashukr, Agra, as In the foBowjpg table, it b n 32.5 
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actually m use. lu Bengal^, however, the value of the heegah 
varies in every District, frequently in every Pergunnah, and 
occasionally in very Estate or Village within the same Per- 
gunnah. In the Tables of Land Measure, published 
by order of the Sudder Board of Revenue, Lower Pro- 
vinces, in 1840,” there will be found no less than 218 
different beegahs, or other local measures of various denomi- 
nations, in 38 Districts, varying in size from one rood to 50 
acres. In the single District of Midnapore there are 53 
different land measures, in Jessore 20, and in Rungpore 15, 
and in many Districts there are at least from 6 to 10 differ- 
ent sorts. In the Province of Orissa, the number of measur- 
ing rods formerly were too numerous to detail, but through 

It is natural to suppose that the guz adopted for measuring the land should 
vaiy on the side of excess, and probably all the above, thus derived, are too 
long. The Western Eevenue Board, thinking so many discrepancies irrecon- 
cileable, suggested, that the settlements should everywhere he made in the 
local heegah, the Surveyors merely noting the actual value of the Jlahi/ guz in 
each village and entering the measurement also in acres ; hut the Government 
wisely determined rather to select a general standard, which should meet as 
far as possible the existing circumstances of the country. Thus the farther 
prosecution of the theoretical question was abandoned, and an arbitrary value 
of the Ilahijguz was assumed at 33 inches, which was in 1825-26 ordered to be 
introduced in all the Eevenue Survey records, with a note of the local varia- 
tion therefrom on the village maps, as well as a memorandum of the measure 
in English acres. Mr. Sec. LIackenzie thus describes the convenience which 
the adoption of this standard (sanctioned at first only as an experiment and 
liable to reconsideration) would afford in comparisons with Enghsh measures. 

Taking thejureeb (side of the square heegah') at 60 guntehs, or 60 guz, the 
heegah will be 3600 square guz, or 3025 square yards, or five-eighths of an 
English acre (3 roods, 5 perches). TheywreeS will be equal to 5 chains of 11 
yards, each chain being 4 guntehs. In those places where the jureeh is assum- 
ed at 54 guz square, it would equal 41- chains, giving 2450j square yards (or 
2 roods, 10 perches). In either case the conversion from one to another 
wmuld be simple, and the connection between the operations of the Surveyors 
and the measurements of the Eevenue Officers would be easily perceived.” 

This convenient heegah of 3600 square Hahy guz, or 3025 square yards, or 
five-eighths of an acre, may be now called the standard of the Upper Provinces. 

It is established also at Patpa, and has been introduced in the settlements of 
the Sagur and Nerbudda territories. 
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the interference of the local authorities, one st-indard of 
4840 square yards, equal to the British acre, was adopted, 
on the first introduction of survey operations, and earned 
throughout the three Disfnets of CuttacX, Pooree and Bala- 
sore, without opposition or dislike on the part of the people 
The value of the measuring rod or Puddiha being 10 4355 feet 
or 10 feet 5^ inches and the side of the acre 20 of such rods 
It ^lould appear that the Returns, furnished to the Sudder 
Board of Revenue, of the various land measures, are partly 
erroneous m some Districts, the survey of which has been 
completed, the beegah actually used diffenng with the one 
recorded in the Tables In some of the local ofBces the 
standard measure is simply a matter of tradition, and when 
applied for, the Nazir of the Court is directed to report on 
the correct length of the hath or iuggec — this he does with 
the utmost simplicity by holding up Ins own arm, pointing 
from the elbow to the tip of the little finger, sometimes 
adding that as he is a small made man, one, two, or four, 
fingers’ breadth must bo added on The Collector on this 
gives an order for a rooboocarry to bo sent to the Sur- 
ve}or Sahib, to the purport of tho standard m use in Ins 
District being “onolnth and four fingers,’ and tbo liiggee 
or russec being so many of such lengths This ^ ague and 
uncertain information, however, sliould not satisfy a Sur- 
\c)or Such data for such a purpose are manifestly absurd, 
and yet it is daily in practice,, in many Districts in the 
l<owcr ProMnees where Ameens are sent out to intestigate 
into special cases connected with the Civil and Judicial 
Courts. If a Suncyor is unable to obtain some sort of 
definite length for the standard measure, it should be his 
duty to fix and determine it, m personal communication 
witli the Collector of Revenue In some Districts, an iron 
bar, or rod, is lodged in the Collector^, indicative of the 
aaluo of tlic cubit or bath, m which case of course the Sur- 
veyor has only to compare its length very carefully as before 
reinarkc<L On flic completion of a survc' ’ i’ 
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measiu’ing rod or cliain should be lodged with the Collector of 
a District^ and its exact length fully reported on for future 
reference. It is also most necessary to furnish a copy of the 
Table of Land measure as used in the Surrey^ and without this 
precaution is taken^ the probable chances are that the local 
authorities will adopt some other measure in any subseq^uent 
investigations which they may have to make in the field, the 
result of which must of course be unfavorable to the records 
of the survey on a comparison being instituted. 

Zemindars and other Village Agents have always a good 
deal of objection to make regarding the length of the measur- 
ing rod, and are most persevering in their efforts to prove 
that the one about to be brought into use, is too long or too 
short, or different to what the former measurement was con- 
ducted with. The object, generally, is to make the beegah 
larger than it ought to be, when in the event of assessment the 
Government Revenue may fall lighter. 

The following Tables of some of the chief beegahs in use in 
the Upper and Lower Provinces will prove useful, and exem- 
plify the remarks in the previous pages on the subject. From 
the decimal of an acre, the smaller denominations are easily 
obtained by multiplying by -4 and 40, and in the same way 
with the decimal of a beegah, by multiplying by whatever the 
local land measure dictates : 



The Agra Beegah. 


The Delhi Beegah. 

. 

m 

a> 

Bee- 

Bee- 



CQ 

a> 

Bee- 

Bee- 

0) 

CO 

u 

o 

gahs. 

gahs. 


CQ 


gahs. 

gabs. 

O 

<J 

h 

1 

1-7560 

1 

0-5694 

H 

1 

1-600 


0-625 


2 

3-5120 

2 

1-1389 

a> 

2 



1-250 

pi 

3 

5-2680 

3 

1-7084 

c3 

3 

4-800 


1-875 

OQ 

4 

7-0240 

4 

2-2778 


4 



2-500 


5 

8-7800 

.5 

2-8473 


5 



3-125 

CN 

6 

10-5360 

6 

3-4168 


6 


6 

3-750 


7 

12-2920 

7 

3-9863 

GO 

7 

11-200 


4-375 

(N 

8 

14-0480 

8 

4-5557 


8 

12-800 


5-000 


9 

15-8040 

9 

5-1252 


9 

14-400 


5-6-25 


10 

17-5600 

10 

5-6946 


10 

mmsm 


6-250 



19‘3161 

11 

6-2642 


11 

17-600 j 

11 

6-875 
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ThobcegaUof3023 sqnaro yards prevails also in tlie Dis- 
tricts of Patna, Sliababad, Samn, Bhaugnlpore and Mongliyr. 
Tliobcegah of 3136 is in common use, and peculiar to the 
Benares and Glia 2 ecpore district. 



In Tirhoot and I^Iongliyr the cVief prevailing bcogahs are 
of 4225 square yards and 3600 square yards, and the latter is 
also common in Samn. 
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ExA3iri,n. 


Eequired the Decimal Multiplier for a beegah containing IGOO square 
Square Yards, jgOO 


Next neai’est in Table, 


1597-20 -33 


yards. 


2-80 -00058 
Sum -33058 

Therefore the beegah of 1,600 square yards equals *33058 of an acre. 

The multiplicity of the local measures in the Lower Pro- 

^ ^ , vinces and the excessive confusion and 

Bengal Standard . . p i , , , , , 

Beegah. inconvenience felt thereby, has at last how- 

ever produced its own cure. When an 
evil is at its 2 enith, there is some hope of amendment; by a 
Circular Order of the Sudder Board of Bevenue, dated the 
23rd November 1849, the whole system has been broken down, 
and one uniform value given to the beegah for all the Districts 
subject to the Board’s jurisdiction, and to be used in all measure- 
ments carried on for the future, under their superintendence. 
The standard adopted is that of the puckha Calcutta beegah, 
of 14,400 square feet, or 1600 square yards. The acre there- 
fore is equivalent to 3*025 of such beegahs. It is not apparent on 
what principle or investigation this beegah has been assumed, 
differing so greatly as it does with all the local measures in 
Bengal Proper, as before shewn; and it is to be regretted 
that whilst so great an innovation was in contemplation, 
either the British acre of 4840 square yards was not at 
once introduced, as was the case in Orissa, or a beegah 
bearing some simple ratio to it, as has been done in the Delhi 
and other North-Western Provinces. The standard I/a//y guz 
of 33 inches being now more widely established in British 
India than any other local measure of length, every thing pos" 
sible should be done to extirpate the use of other measures not 
easily comparable with it ; and all local land measures should 
be founded on some simple multiple of this standard, such as 
the Gunter’s chain, which is the basis of the acre : no round 
number of yards can be introduced into such a system without 
retaining the inconvenient number 1 1 as a multiplier or divisor. 
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The yard therefore oug}»t to Imj wholly cliscwiled from our 
lediaji system of measures, and every thing referred to the 
Ilahy guz of 33 inches, or some multiple or submultiple of it, 
such as a hath of 16| inches. Any heegah founded on either 
of these measures may be readily compared with the Gunters 
cliain of GG feet, and through it with the English acre. It 
would have been preferable to this to have established the 
Bengal beegah, so that one acre might he equivalent to 3 
heegahs, rather than 3‘025beegahs, although a Square Beegah 
of this value cannot be obtained. The of I Gi inches 

which may be the basis of this beegab, and of its subdivisions tlic 
cotfa/i and ehittack^ is half the Hahy gxiz ; and the two beegahs 
of Delhi and Bengal would be so easily comparable with each 
other, as to ficilitatc the process of adopting hereafter some 
land measuro that would include both, if that should be 
tliougJjt desirable. But it is of far Jess importance that the 
land measures of two distant countries should be identical, 
than the measures oj" length should be so. An uniform stan- 
dard, whatever its size, is however of the greatest possible 
advantage and utility, and cannot be too highly appreciated. 

Tiic new beegah side is exactly 120 feet, or 80 baths, which 
squared, gives 14,400 feet or 1,600 square yards. The follow- 
ing will therefore bo the relative values of the beegah and 
acre respectively. 



T/ie Sengal Standat^ j/Jeegah. 

. _ 



liililliil 

Acres. 






1 


0 S3058 




066116 


3 




4 


1*32232 

s 

6 

15’125 5 

1 65290 

6 

18150 C 

1 98348 


7 

21-175 fl 7 

2 3I40C 


8 

24 200 W 8 

2 C44C4 


9 

27*225 U 9 

2 07522 


10 

30*250 1 10 

3 30580 


11 

33*275 jj 11 

3 63633 
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Of the lower denominations, 20 cottahs make one beegah, 
and 16 cliittacks make one cottah; additional tables for the 
conversion of roods and perches into cottahs and cliittacks will 
be found in the Appendix, being too bulky for this place. 

To adapt a convenient scale for this beegah, which. shall be 

Kliusrah and Thalc- proportional with the one used for the 
bust Scale. Professional Survey, take the following : 

Professional scale of 4 inches — 1 mile =5= 80 Gunter’s chains. 



and 1 inch, or 20 chains = 

1320 feet. 


Eussec. Haths. 

Feet. 

Then 

1 = 80 = 

120 

and 

11 = 

1320 


therefore 11 russees are equivalent to 1 inch or 20 Gunter’s 
chains on tlie same scale, and by increasing the scale 4 times 
1 1 russees = 4 inches. By dividing 4 inches therefore into 
11 equal parts, each will be equal to a russee or beegah side of 
120 feet, and the quarter of such division or 30 feet, will 
represent the chains actually employed, iwo of which squared 
or 60 feet x 60 feet equal 3600 feet or 5 cottahs. This scale 
will therefore be 330 feet or 2| beegahs to the inch, or 16 
inches to the mile. The Khusrah measurements performed 
with such chains, aud protracted on such a scale, will bear 
precisely the ratio of 4 to 1, to the Professional maps.^ 


* The local Square Measure will be as follows: 

Peet. 

of a Chain X iw of ^ Chain or 6 X 
4 Com-ies or of a Chain X i or 6 X 
20 Gundahs or 4 Chains X i or 120 X 
or 1 Chain X f or 30 X 




6 = 
6 
24 


Sg. Feet. 

9 = 1 Cowrie. 
36 = 1 Gnndah. 


1 Cottah. 


20 Cottahs or 4 Chains X 4 Chains or 120 X 120 


or 1 Chain X 16 


or 30 X 480 


720 = 
|=|l4400 = 1 Beegah. 



CHAPTER 


Ox THE OETiroGRArnT OP Native Names, — General 
Statistics, — GEOCRA rnicAL, Revenue and Agricul- 
tural Reports. 

One of the most difficult subjects with -which Europeans in. 
this country have to deal, is the intelligible conversion of the 
vernacular into the English character, and it will be readily 
admitted, that Surveyors of all persons must bo the most in- 
terested and concerned in following such a good system, that 
any person knowing the orignal and the substituted character, 
should bo able to*^ convert the one into the otlier without 
difficulty, and that tlie names of places so romanized on the 
geographical maps of the country should bo at ouco recogniz- 
able and familiar to the car. In a work like this, it may be 
expected that some fixed roles sliould be laid down for the 
guidance of the department, but any fixed system, is easier to 
propose, than to find followers for. As regards spelling, some 
people arc quite incorrigible, -wc shall endeavour however to 
place on record the prevailing methods heretofore existing in 
the great Trigonometrical as well as Revenue Surveys, toge- 
ther with such remarks on other systems as appear to be 
called for. 

Sir Wm. .Jones’s method is at onco elegant and phonical, 
and has found complete acceptance with learned and scientific 
men, it is therefore, with some slight, modification, in use in 
the Great Trigonometrical Survey of India. Tiic rules follow- 
ed in this department arc vciy simple and may be thus stated : 



Kulos for the orlho- 
gjnplij- of native names. 


1st. All vowels have the Italian 
sounds as in Sir Wm. Jones’s rule; no 
others to be used. 

2ncl. The semi-vowels to be used only as consonants, such 
as Fin Yaholi. 

3rd. All consonants have their ordinary sound, but ex- 
press the harsh sound of C7 by AT and tlie soft soimd by S 
whereby (7, as an independent letter, becomes expunged. 

4th. Express the soft sound of universally byJi, reserv- 
ing the former of these letters in all cases to denote the harsh 
sound only. 

5th. Dispense with the reduplication of consonants, as 
much as possible, because long words are an evil on maps. 

6th. Drop superfluous letters of all hinds, wherever they 
are so weak as to make it a matter of doubt whether they 
ought to be pronounced or not. Example Si/drabady Sihan- 
drahad, &c. wherein some persons introduce 'a short vowel 
between the d and r, and others do not. 

7th. The old established orthography of historical names' 
should not be interfered with, as they have become settled 
and familiar by long use, and it would be pedantic and pre- 
sumptuous to alter them, and the same idea would not be 
conveyed. Thus write Meerut not Mirat, Hydrabad not 
Haiderabad, or Huederahad (according to Gilcluist,) Beder, 
not Bidar, Calcutta not Kalkatay^ Captain not Kapfan, Cawn- 
poor not Kanpur, Allahabad, &c. 

8th. Double consonants should never be used when single 
ones will answer, thus Pli instead of F is not advisable, as 
in Eilaor not Phillore, neither Ch instead of JK, although 
there is Italian authority for the latter. 

This method is doubtless a phonical one, well adapted 
for general use, and scientific men will not agree to any 
deviation from Sir Wm. Jones; but, however learned Siu- 
veyors may be, the persons into whose hands their maps fall, 
may be very ignorant Englishmen, and it is extremely doubt- 
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fill wlictlicr such a motle of pronunciation is intelligible to 
people of ordinary capacity and common sense ideas. 

Tiie difference between the foreign and English sound of 
tile vowels « and t, is most likely to lead to confusion with 
strangers, and to prevent all possible mistakes the oo should 
stand for the Italian «, and ee for the Italian h retaining the 
latter for diphthongs only — such a compromise would certainly 
enable the generality of people to pronounce better.* 

* Iti addition to Uii3» thrte is Dr. DofTa modification of the Jones’s system 
ns now established and finally approved of by the Committee of the Calcutta 
Bible Society ns laid down m a pamphlet on the “ Progress And Present State 


” proot of its earnest desire to consult the wishes ond yield the utmost possible 
deference to the conseienftoos opinions of lodiTidunl llissionanes Ihrougli- 
** out the countrj, it is fondly to be hopei! that the standard of romaniziog 
“ now fixed by tlie majority will be gladly bailed, embraced, and practically 
“ exompbfied by aU. It b fondly to be hoped that for the sake of that gene- 
“ ral «ni/ormt(^ which b so truly desirable and so absolutely indispenyble to 
••Jhll succci*, CTcry one will be cheerfully disposed to sacrifice any littlo por- 
“ Unhtij or peoiUarxtit of opinion, which may be the offspring of isolated or in* 
“ dll idual minds.” 


The Jlmdattcni Alphabet m the liaman Cltoracter. 
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In the Revenue Survey Department, Gilchrist’s method has 
generally been employed, although no definite rules appear to 
have been laid doAvii on this important subject. Like any other 
system whatever, if rigidly carried out it is intelligible enough 
to those who have learned and practised it, but it has never 
fomid acceptance with the learned or scientific. It looks 
ugly and adopts all the bad pronunciation of English. No 
other nation, but the English, ever give u the short sound of 
but This is a fundamental assumption of Gilchrist’s, and 
ruins the whole of his system, the chief merit of which is, the 
undeviating tenacity with which he adheres to it under all 
difficulties. 

In the directions for Settlement Officers, promulgated under 
the authority of the Hon’ble the Lieutenant Governor North- 
Western Provinces, there is another alphabet proposed to be 
used in the conversion of names from the languages of the 
country into English. Transposing from one language to 
another by this method is easy, and it is particularly well 
adapted for the services, and having gained some footing, and 
being recognised by all the Settlement and other Revenue 
Officers, the Surveyors who have to follow their steps, and 
depend on their enquiries, are obliged in a great measure to 
resort to the same phraseology, and hence the more scientific, 
but more difficult system of Jones, has never been followed 
by this branch of the Survey of India. 

The following is the alphabet exemplified : 

Alphabet proposed to he used in the conversion of names from 
the languages of the Country into English. 


1 A. a Atmanugur, 

Ahunpoor, 

f- Ahunpoor, 

2 B. b Bareepoor, v 

3B.H, b.hy ... Bhooaneepoor, ...... "jq 

4 C.H. chychf. Ohiclmra, ^ 

Chliipagurh, 
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5 D. d ...... Dvxk Bazar, ^ 

Dalanugur, 

G D,H. d,k DlmTumpoor, 

7 E. e, Ekeosghnr, $ 

8 E.E. e,e. Esliwumugur, 

Esalpoor, Edgurh, ... 

OF, f. Fareedpoor, •-* 

10 G. g. Gunga Sagur, Tt 

1 1 GjII. GH. g,h.gli... Ghur MooJchtcsur, ... ^ 

Ghazcepoor, 

1211. h. Hu veleesliulmr, ^ 

Hatjb gaou, ...... 

Hurjlnspoor, 

131. t. Iradutgunge, 

Indurgurli, 

# Hum bazar, 


14 J. j. J^mugur, Jaliilgurh,... Sf ^ 

lGJ,n. j,h .Tliecl, Jharundeli, ... H 


16 IC k Kunkcrpoor, ^ ili 

Kako Dell, 

17K,H. KH, Aj/i, A/i,,. Kjlmrukpoor, ^ 

Khalisnagur, 

18 L. t Lalgurh, "cT J 

19^1. w. ...... I\Iahinulabad, 7 T j* 

20 N. n Nura;jainpoor, ... m 

210. 0 . Omedgaon, 

Olanugur, 

22 0.0, 0 . 0 . ... Ooudes, ^ ;gj iji 

Oostadpoor. 

23 0.U. o.u. ... Oushandeh, ^ jf 

2^ p. Peepulgaon, ij ^ 

29 P,1I. p^. ... Fhoolnugur, 

20 Q. y. ...... Qasimgunj, ^5 

4 I 
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27 R.RJI. 

... 

Rungpoor, 


28 S. 

S. 

Rhotas, 

Sareeram, 


U“ 

29 S.H. 

Stlt* ••••■• 

Sa ^ dutgunj, 

Sholapoor, 



SOT. 

t. 

Shureef bazar, 

Tunk hadah, 

cf 


31 T,IJ. 

• • • 

Thanagurh, 



32 TJ. 

u 

Umretpoor, 



33 V.W. 

V.W. ... 

^ U]eepoor,Ullahabad, 
Wustabad, 

> 

- J 

34 Y. 

y 

Vizeerpoor, 

Yarpoo, Yuabzar, . . . 



35 Z,ZH. 


Yy f- shnugur, 

Zeeafutabad, 





Zalimpoor, &c., 




The English alphabet having no letter capable of repre- 
senting the ^ Ain of the Persian, the use of this as contra- 
, distinguished from A. E. I. or U. may be indicated by a 
mark thus ^ before or over the letter. 

The importance of statistical information is now universally 

felt and acknowledged, and the Kevenue 
On Statistics. ^ i i i 

burvey Department, as migiit be expected, 

from the peculiar facilities at its disposal for the attainment 
of such information, during the progress of Survey ope- 
rations in every remote part and corner of the country, is not 
behind-hand in rendering good and valuable service to this 
branch of scientific enquiry. The attention of Revenue Sur- 
veyors is particularly and urgently directed to this point by 
the Circular Orders of the department, and the Annual Re- 
turns are not deemed complete without a full and succinct 
account, geographical and statistical, of every pergunnah of 
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tJic district under survey. The Court of Directors in their 
despatch No. 6 of 184G, dated the 3rd June, nhich has been 
printed and circulated for general guidance, lay particular 
stress on the great practical importance of this duty, and on 
tlic advantage which may be cvpected from the transmission 
home of such information as to local details, which so many of 
their servants cannot fail to possess. The heads of information, 
most desirable to be collected, are likewise detailed in this 
despatch \sluch includes also full and particular instructions as 
to the mode of collecting tlie same, and enjoins the most rigid 
accuracy as to matters of fact, without which all statistics 
y\ ould be n orso than useless, tending only to mislead.* 

In the directions for Settlement Officers, Nortb-ltVestem 
Provinces, para. 41, it is specially noted that the Surveyors 
are to give returns of population, wells, and ploughs, and the 
mode of recording tliis and other useful information for every 
\illage coming under survey, is shewn in the register Plato 
Vlll. This, together with descriptive remarks as to the 
state of prosperity, trade, distribution of the land, &c., furnishes 
the groundwork for tho pergunnah statement, and the general 
district report. In unsettled pro-vinces where au assessment 
follows tho survey, and a Khusrah measurement is universal, 
tho statistical enquiries ate pursued by tho Ameen and 
recorded in the I'crnacular with his Khusrah Fieldbook, and 
from the length of time every village must he occupied by this 
Officer fur Vae ■purpose of prosecuting the measurement, the 
time and means at his disposal, arc very considerable for 
eliciting tlic required details. Tliese, lion ever, are checked 
again h^ the Purfall Ainecn and by the Supervising Officer in 
compari'^on nith lists {Khaneh Sfmmareh) demanded and 

* For some vatnaWo information, useful alito to theSorrejor or Settlement 
Olticrr, roh a Paper m ToTaDieJTo IC-f, Jouruai of the Asiatic Society of 
Jlinsal. Jamts Alexander, Ksij B CS « On tho Tenures and TLscal 
niations of the OHners and Occupants of the sod in Bengal, Bthar and 
Onssa.” 
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obtained from the village authorities, and the investigations of 
Put^YalTies and others. The Settlement Officer acrain has 
numerous opportunities for testing these returns at the time of 
assessment. It may therefore he inferred that the information 
thus gleaned, is as worthy of confidence, as could he expected, 
and no difficulty whatever exists in procui'ing it, if rightly and 
fairly sought for on the part of the Ameens. The character 
however of these men, and the cloak made of the power in 
their hands to extort money from the people, should induce 
great caution in receiving their statements, or of entrusting any 
additional powers in their hands beyond what is abso- 
lutely essential. 

In the Bengal and Behar Provinces, where the Khusrah 
measm’ement is only partial, and not more than from 15 to 20 
per cent, of the villages are Ausited by the Ameens, the mode 
of prosecuting statistical enquiries must be through other 
agency. The demarcation establishments are here brought 
into use for this purpose, and the assistants, employed in the 
interior professional detail survey, may be made aA’^ailable ; and 
whatever difficulties arise, they can alone be overcome by the 
intelligence, activity, and ability of the Officer in charge of 
the sui’A’-ey. 

The following comprise the heads of information, all or a 
portion of which, may be reported on with advantage; and 
annexed is a tabular statement extracted from an actual 
report made by the late talented Officer whose name it bears, 
and which may be copied with safety. 

LAND. — Geographical position, Extent. 

Bonndaries, Divisions, Sitbdivisions. 

Climate, Aspect, Superficial confignration. Mountains, Bills. 

Geological structure. Mines, and Minerals.* 

Eorests, jungle, &c. Plains, soil and productions, modes of culti- 
vation. 

* Vide “ Desiderata for the Museum of Economic Geologj’ of India” in 
the Appendix. 
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Tnccs of principal prodncts 

Tcunte and occupation. Modes and Talcs of assessment. 
Labor employed and its remuneration. 

WATEU,— Na^'S^ble Tivers 

Description, and Icnglli of 
ITow far navigable 
Ongm and source 
Banks, and soil of b«L 
Vessels employed on them. 

Sboala, velocity 

LAKES — Descnption and situation 
Height above the sea 
CANALS —Their purposes 
Length and depth 
Vessels employed on them 
Cost and return on the outlay. 

Wells, puckha and kuteba, tanks. See. 

Means of irrigation 
CITIFS.— Towns and nllages 

Situation and general description 

Lumber of houses and whether puckha or kulclia. 

General caste of uihabitants 

Bomarkable buildings. Temples, Shewsllahs, Munders, Ditrgohs 
or Mosques 
Xhibhc establishments 
Thannahs, Tuhsoeldarecs, Moonsiifecs 
Police, Custom, and Salt Chowkees 
Schools, Churches 

rOl’ULiVTIOjT — Census of people of difLreat caste 

Agneultural and Lon Agricultural, Aierage number per Square 
Mile 

Employment, 

Condition and Physical constitution, 
llialth and disease 

V EALTII —Education, and method of pursuing it. 

Charitable institutions not educational 
State of litigation and ofenmes. 

I’olicc, number, remuneration and efficiency. 

COilllEHCE — Manufactures. 

Capital employed, 

V> eights and 'treasures. Coins. 

Modes of transit and communication. 

By land, high and metalled roads, passes and ilei;ii>i, kutclia cart 
roads, footpaths. 
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Ey T\-ater. 

Impediments and their duration. 

Fords, ferries, and bridges, 

Fislicries. 

Postal arrangements. 

Taxation. 

Sources of revenue and produce of each tax. 

]\Iodo of collection. 

Fairs and markets. 

Ilistory and antiquity, facts illusti-ative of early or more recent 
history, and changes political or agi-icultiiral. 

Factories, indigo, sugar, saltpetre, siJlv. 

Golahs, Salt. 

Agricultural implements. 

AGPICULTURAL IHDUSTIIY. — ^Ploughs, domestic animals. 

Cattle, draft and grazing. 

Buffaloes, &c. 

Tnid sports. 
lYild animals. 


In the Memoir on the Statistics of the North-Western Pro- 
vinces, compiled under the order of the Hon'ble the Lieutenant 
Governor and published in 1848, it is stated that the late set- 
tlement of those provinces has provided many statistical facts 
v'hich it has been the aim of that Government to bring toge- 
ther and place on record with precision, and that in order to 
create greater confidence in the correctness of the revised 
statistical return, the memoir was compiled, so as to place per- 
manently on record the mode in which the information was 
collected, and the authority on which each of the facts rests. 
In this work much valuable instruction is afibrded, and we 
have extracted some of the leachng rules for a fair enumera- 
tion of the people, or of houses.* The statistical return of the 

* Para. 14. “ In. suck census it will only be necessary to separate the people 
into the classes mentioned in the Table. Separation into males and females, 
of boys and ^rls, is useless, because these classes will not be accurately re- 
ported, nor uHl the distinctions be uniformly observed.” 

15. “ All persons who derive their subsistence, in whole or in part, from 
the land, Avhether in the form of wages or rent, should be shoum as cultivators, 
even though they may have other soui'ces of income.” 



Jloifrt rTrcugifon, Capfaii>, Secfttuf Svrrt^Br 



mcn^\ tlie Hindoos, end 16 to IS Amongst the M&homedans . 
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tlie nrernges in the wcll-pcoplefl parts of India are higher 
tlian in tlic most populous countries of Europe;—” and so it 
Avould decidedly appear not only from the results published in 
this memoir but from the subsequent researches made in 
Behar and Bengal^ as the progress of the Revenue Sm'vey 
atlvaj7ces, all of "vvhicli tend to keep up a high estimate. 
Tlie insertion here of the population of tlie North-Western 
districts may serve as a guide, we have therefore extracted 
sucli columns from the printed return. At the same time, the 
discrepancies between the averages of many of the Districts in 
tliis Statement are stUl so large as to leave considerable room 
for further doubt, Azimghur, Jounpore, and Ghazeepore 
being nearly do 2 ^l>/e of Allahabad and several other Districts 
and larger tlian Agra or Dehlie. The general average, how- 
ever, (322 per square mile) is one-third lower than that taken 
in 1S26 (484 per square mile) and commented on in para. 17 
of the Court’s Despatch. 


* Belgium, .. 
British Isles, 
France, , . . , 

Saxony, . . 
Wii'temberg', 


Tuscany, 

Sweden, 

Norway, . . . 

Russia Proper, 

Europe, . . . 

Taken from the Map of 
Europe — ^published by the So- 
ciety for the Ditlusion of Use- 
ful Knowledg’e. 


24. “ The average number of persons to a square geograpliical mile of 847*2 

acres, in the chief countries in Europe, is 
given in the margin.* There is good reason 
that the averages in the well-peopled parts of 
India are higher than in the most populous 
countries of Europe.” 

25. “ The number of adult females is found 
to be in excess of that of adult males, but 
the number of boys is much larger than of 
girls. The cause of this, in some measure is, 
that females are considered to have passed 
from girlhood at an earliar age than males 
from boyhood,” Vi'de Memoir on Statistics, pages 8 agd 9* 

Para. 3. “ The definition of a house or family, and '^ grounds on which 
the number of souls to a house or family is stated, requires to be very carefully 
examined, and the mode as well as the result of the examination to be fully ■ 
stated.” 


392 

220 

208 

314 

266 

302 

22 

11 

36 

80 


4. “ Care does not seem to be generally taken in disci'iminating between 

the agricultural and non-agricultural classes. On referring to para. 15 of the 
former printed Circular, you will observe (Hat the members of all families who 
derive their support or any part of their income from the cultivation ofland^arc to 
be entered as a griculUiral, whether or not they actually hold the plough or personally 
conduct the usual agricidtural operations.” Vide Memoir on Statistics, page 14. 



C41 


Rensfd Slahshcal of Jrea and Population m the Dutncts of the 

Korth-t^fstem P'ortnees prepared tn 1849. 



1 to ^ach Square Bntisl 
fetatute ililo of 6-l( 
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111 the first few Districts whicli came under survey in tliese 

Provinces^ Statistical enquiries were unfor- 

Bengal andBe- , ,, ^ 

har Statistics. tunately omitted^ and as no settlement follows 

the survey, the deficiency has not been made 
good ; neither in those Districts where the information has 
been collected can the results be so satisfactory and trust- 
worthy as in the North-West Provinces, where double and 
treble investigations have been prosecuted. Por the sake of 
completeness and comparison of the data given for different 
Districts, it is to be hoped that the subject will not be lost 
sight of, but that it may be prosecuted in the same manner 
as described in the Memoir on the North-West Provinces. 
The following table exhibits all the details at present procur- 
able for the Lower Provinces, distinguishing those Districts, 
which have actually come under investigation by the Revenue 
Survey, taken either by an actual census in some Districts, or 
by the enumeration of houses, and estimate of a certain number 
of souls per house, checked by another estimate ^drawn from 
the land under cultivation in some instances.* In several of 

* The only manner that I have of calculating the population is from the 

extent of cultivation, which is of course liable to great error. Two calcu- 

« 

lations may be founded on this basis. 

First, it will appear in my account of the agriculture of this district, that 
about 4,80,000 ploughs are required, and one man is the usual allowance for 
each plough. The men employed in actual agriculture cannot therefore be less 
than 4,80,000, and these, I imagine, will be nearly one-fifth of their families, 
including old people and children, which will make the agricultural popula- 
tion 2,400,000. Now considering the very imperfect state of agriculture, and 
the rudeness of the arts in this district, I do not think that we can add more 
than one-fourth of this number for all the other classes of society, especially 
as a quantity of grain is exported. This will give 3,000,000 for the total popula- 
tion, being about 558 persons for each square mile (on an area of 5,374 
square miles). — Secondly, an estimate may be formed from the quantity of 
produce ; and rice being the chief food of the people we may consider that 
alone. The total quantity of rough rice, after deducting seed, that I have 
calculated to be annually raised in this district, is about 36,800,000 muns, 
which according to the trials that I made, will give 27,650,000 muns of clean rice. 
Now I have supposed, that to the value of 3,200,000 JJupees of rice, or 
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the Districts, however, the calculation is based only on pai*tial 
areas, comprising certain Pergunnahs, yielding a certain ave- 
rage, and tliis number has been again assumed for the entire 
District. Tho average, on the 14 Districts so collected, 
amounts to 246 per square mile, and the average deducible 
from tho Population Returns, given in the Agra Guide and 
Gazetteer on nine other Districts, is 198 per square mile, tlie 
general average on the entire area of 74,264 square miles 
being 219 per square mile, and which approximates closely 
with the estimate made in 1822, as noticed by the Court of 
Directors, viz. 243 per square mile, on an area of about double 
of what is hero giv en. This calculation, although roughly 
made, seems entitled to some conBdence. It does not embrace 
tho populous cities of Calcutta, Dacca or hloorshedabad, or 
tho thickly-populated Districts of Hooghly, Kishnaghur, 
Baraset, &c., but until tbc whole country has been carefully 
and minutely ovplorcd, and much more labor and pains ex- 
pended than*havc herctoForo been devoted to this interesting 
and usefol sdcnco, it will bo in vain to expect absolute 
‘ accuracy. 


4,400,000 muns are exported, and there will remain for consumption 23,250,000 
muns Calcutta weight Then, allowing half a seer of 96 Sicca weight for each 
person dail/-, which is the calculation usually mode m this district, this 
quantity of nee will feed more than 4,000,000 of people , considerable deduc- 
tions howe> er must bo allowed for gram that is w osted, distilled, consumed bj 
fire, eaten by cattle, and used in the arts , but stiU this population seems to ba 
exaggerated, and the calculation founded on the number of ploughs seems 
more suitable to reality — “ Jhiloncal Daeriptton of DiMijepur Distriel, by 
Suthanan (ITamtUon ), Booh 2 , Tage 67.” 
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imt 

PRACTICAL ASTRONOMY, 

AND ITS APPLICATION TO SURVEYING. 

CHAPTER I. 


DEriNITIOKS. 

Surro'^B a plummet to bo freely suspended from a given 
height, it vill fall perpendicularly upon the surface of a pool 
of stagnant water, for there is no reason to believe that it should 
be more inclined to one side than to another. 

Now, conceive the line wherewith the plummet is hung to 
be produced to the heavens, it will cut a point there, which is 
called the zenith. 

Again, if the surface of the stagnant water be imagined to 
be extended as far as the lieavcns, it will form a plane, w’hich, 
with reference to a spectator placed wbero the plummet W’as 
supposed to be suspended, will divide the visible from tbe in- 
visible part of the heavens. This plane is called the sensible 
liorizon. 

Again, conceive another plane to be drawn through the 
centre of the earth parallel to the sensible horizon, it w ill bo 
tlic si>cctator*s rational liorizon or simply horizon. 
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In the annexed 
diagram JTT^ re- 
presents the cartli, 

O being its centre. 

Now let JSA be the 
direction of the plum- 
met at any point A 
on the earth’s sur- 
face; the line AJ^j 
produced to the hea- 
vens will furnish ^ 
the zenith. Again 
the plane /t A Jl' drawn perpendicular to the zenith line 
AZ, will be the sensible horizon,, being coincident with the 
surface of the stagnant water at A; while the plane UCH' 
drawn parallel thereto tlirough the earth’s centre, will be the 
Z’ational horizon. . 

Ill Astronomy, all measurements made on the surface of the 
earth, are referred to its centre or to the rational horizon 
HCH'. This subject has already been adverted to at p. 155, 
on i-efercnce to which, it will be seen, that the correction 
whereby an observation is transferred to the earth’s centre, is 
called " parallax.” This parallax is always of small amount, 
being the angle subtended by the earth’s semidiameter at- the 
object observed. The sun, the moon, and the planets are the 
only celestial bodies which are liable to this correction, the 
stars being free from it, owing to their immense distance fi om 
the earth. In the Appendix ,will he found a Table of Parallax 
for the Sun. Here it is only necessary to observe. that it will 
be convenient to throw the sensible horizon out of considera- 
tion altogether, and supposing the observer or rather his eye to 
be placed at the earth’s centre, refer the definitions of the 

Astronomical terms to that point at once. 

To a spectator situated at the earth’s centre, the heavens 
will appear like a sphere of which his eye will be the centre, 
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tlie stars being placed or projected on its interior surface. Tliis 
being admitted, it will follow from what is said at p. 548 of this 
work, that the rational horizon is a great, and the sensible 
horizon a small circle of this celestial sphere. 

Now, extend the zenith line ZAy until it meets the rational 
horizon HCH'. Tliis junction would have taken place at the 
centre C*, if the earth were a sphere. But as this, however, is 
not the case, (the earth being a spheroid, differing in a small 
degree from a sphere) the junction above adverted to, will 
occur at a small distance from the centre. Considering the 
nature of the computations which will be treated of in this 
treatise, no sensible error need be apprehended if the earth is 
taken as a sphere, and we will accordingly make this assump- 
tion, in which case it is clear, that the earth's centre C will be- 
come the site at which the zenith line AZ produced will meet 
the rational horizon HCH' as represented in the figure. 

Suppose a piano to be drawn through the zenith line CZ 
and extended to the heavens, this will bo a vertical plane, and 
there are four properties belonging to it, which are as fol- 
lows : — 

IsL It will be perpendicular to the rational horizon. 

2nd. It will always pass through the zenith. 

3rd. It may be dra^vn through any given point, and 

4th. The figure, which it will trace on the interior surface 
of the celestial sphere, will be a great circle of that sphere. 

A cinie Jormei in ftns wt^,\jy ldie setfnon o5 a Terticai piane 

ith the celestial sphere, is called a vertical circle. 

To illustrate these definitions, we will suppose that in lieu of 
the spectator, a theodolite is placed at tlio earth’s centre duly 
levelled and adjusted. It is evident, that the azimuth circle 
will become coincident with the rational horizon, and that the 
telescope, when moved round in altitude, will describe a vertical 
circle in the heavens. 

Altitudes and zenith distances are measured upon vertical 
circles. For instance, supposing a vertical circle to bo drarni 
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through an object, its altitude will he that part of the vertical 
circle intercepted between it and the liorizon. Again, the zenith 
distance of the object in fj[uestion is an arc of the same vertical 
circle lying between it and the zenith. 

The zenith being 90® from the liorizon, it follows that when 
the altitude and the zenith distance of an object are added toge- 
tlier, the sum will amount to a quadrant. Hence one of these 
elements being known, the other may be found by deducting 
the given term from a quadrant or 90°. 

We will now attend to the 

S' 

phenomena of the rising and set- 
ting of stars. With this view 
let the annexed circle represent 
the plane of the rational horizon, 

Cbeinff its centre which is coin- 

o 

cident with the centre of the 
earth. Suppose, a spectator, 
placed at this centre with his 
face turned towards South, ob- 
serve a star to rise at a and set 
at a'. Again, let him in a similar 
manner mark the points Z» and V of the rising and setting of 
another star. Now the horizontal arcs a a' and h b' being 
bisectable at one point, let this point be S. The point S, so 
found, is called the South point of the liorizon. 

Suppose now a vertical circle to be dra\ra through (S', it will 
be the meridian of the place to which tlie rational horizon, 
adverted to above, appertains. Like every other vertical circle 
the meridian will pass through the zenith and be perpendicular 
to the horizon. In addition to these properties, it will have 
this peculiarity, namely, that it will be the locus or the line of 
the greatest altitudes which stars attain to during the day. 

An altitude, measured on the meridian, is called the meridi-, 
onal altitude, in contradistinction to altitudes observed upon 
other vertical circles. 
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As st'ited clsculicie, tliG merulian cuts the lioii/on at tlie 
south point or S It will likewise intersect it at mother point 
N, winch IS called the North point of the horiron 

If i vertical circle be drawn peipendicular to the meridian, 
It will bo the prime vertical Like the mciidian the piimc 
vertical will intciscct the horizon at two points, which will be 
tlic East and West points of the horizon 

In the preceding diagram, the lints N& and iT/F represent 
the piojcctions, the former of the meridian and tho latter of the 
piiinc vertical upon the plane of the hon/on, the points N", -S, J?, 
and /Fstanding foi tho four cardinal points, Wfoi North, 5 for 
South, for East, and If foi West 
Uic azimuth of an object is mcasuied upon the plane of the 
horizon For instance, take any star and suppose a vertical 
circle to pass thiough it, tho aic of the horizon inteiceptcd be- 
tween tho Nortli and tho vertical cuclo aforesaid, is called tho 
stai s azimuth 

" Wo have spoken of tho risings and settings of stais, such 
as they will appear to bo to a spectator placed at C, the centre 
of tho plane of the hoiizon, hut hitherto wo have said nothing 
of the intervals of time elapsed between their respective risings 
and settings Now , a spectator, m the Nortlicni climate, look- 
ing tow ards S, the South, cannot fail to rcmaik that a star bc- 
tween its rising at 1/ and setting at b' is longer above the 
horizon than a star which rises at « and sets at a', which kind 
of inequality takes place, and in a greater degxco with every 
star successively placed between b and S But ho may also 
note, that every star takes the same time in passing from its 
rising through its setting to its rising again A star, thercfoic, 
at a, IS longer below the horizon than a star at b, and still much 
longer than a star at c But a star rising at E, tho East ppint, 
has this peculiarity, namely, that it is above the horizon cvactly 
IS long as It 13 below On this account, tlio ciitlc in wlncli 
such a stai luov cs, is called tho Equator * 

* 'Woodhouses Astronomy, A oL I Parti Page C 
4 L 
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The Equator, traced in the way described above, will be a 
great circle of the Celestial sphere, perpendicular to the meri- 
dian and cutting the horizon at the points E and W, Imagine 
now a line to be drawn from C perpendicular to the plane of 
tlie Equator, it will when produced Northward and Southward, 
point to the North and the South poles. This line is called 
the axis of the Celestial sphere. 

Besides the zenith and the North and South points upon 
the horizon, the meridian of a place will pass through the 
North and South poles of the Celestial sphere. 

The axis of the Celestial sphere coincides with the earth’s 
axis of rotation. Again the planes of the terrestrial Equator 
and meridian as laid down at />. 548 when extended, will 
trace on the interior surface of the Celestial sphere the 
Equator and meridian defined in this chapter. 

There are two co-ordinates required to determine the posi- 
tion of a star in the heavens, namely, 1st, the declination, 
and 2nd, the right ascension. The simplest definitions, which 
can be given of these terms, are as follows; — Suppose the given 
star to transit, or come to the meridian, then its declination will 
be the arc of the meridian intercepted between the star and the 
Equator, its right ascension being the time which would be 
shewn by a siderial clock adjusted to read q‘ when the 
first point of Aries passed the meridian. 

The first point of Aries may be determined in this way. It 
is well known that either on the 20th or 21st March, the day 
and night are equal or nearly so; or which is the same thing 
the sun remains as long above the horizon as below it. On 
the day that this equality takes place, the sun rises due East 
and sets due West: or in other wmrds, it occupies a point in 
the Equator, which point is called the first point of Aries, the 
origin of all right ascensions. The first point of Aries cau 
always be determined by computation. 

Now, the declination of a star will be North or South accord- 
ing as the meridional arc, whereby it is. measured, extends 
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towards tlio North or the South pole. Wlien a star’s decima- 
tion is known, its North polar distance may bo computed in this 
way. Wlien the declination is South add it to 90°: Wlicn it 
is North, subtract it from 90°: the sum or difference so obtained 
will bo the North polar distance required. 

The horary angle of a Celestial object is the time it takes to 
come to the meridian or the lime it has passed it. 

The latitude of a place is an arc of the meridian, intercepted 
between the Equator and the zenith. 

The longitude of a place or rather the difference of longitude 
between two places is an arc of the Equator intercepted be- 
tween the meridians appertaining to those places. 

A siderial day is the interval elapsed between the two suc- 
cessive transits of a star on the same meridian. It is divided 
in the usual manner into hours, minutes and seconds. A 
clock, truly adjusted to siderial time, will read ^ when 
the first point of Aries passes the meridian. 

In like manner, the interval included between the sun’s 
leaving a meridian and its returning to it, is styled a solar 
day. 

Before proceeding any further, it is necessary to shew why 
a solar day is greater than a siderial day. The diurnal motion 
of the heavens from East to West is only apparent, arising from 
the real motion of the earth in a contrary direction. Suppose, 
now, that tho sun and a star arc on a meridian together on any 
given day. On the following day tho meridian will again 
meet tho star at the same place, but not the sun, which will 
liave advanced about 59" towards the East, which arc, therefore, 
w ill require to bo described by the meridian before it can reach 
the sun, whence it is clear, that the interval, (siderial day) 
included between the transits of a star, will bo less than the 
like interval (solar day) for tlie sun. 

The solar day, however, cannot be made use of to regulate 
and adjust a clock ; because on account of the variable motion 
of the sun, it will not be of the same length througliout the 
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year. To remedy Lliis ijiconvonienccj astronomers imagine a 
mean sun moving in the Equator witJi tiie true sun’s mean 
velocity in tlie direction of tliat plane, and tliey call the interval 
included between its two successive transits on the same 
meridian a mean solar da3^ This mode of reckonino- time is 
in general use; all astronomical clocks and chronometers as 
well as common watches being adjusted by it. The Nautical 
Almanac furnishes the rules for deducing the transit of- the 
mean sun from that of tlie true sun. 

The foregoing are all the astronomic.al terms Avhich occur 
in this work, and thej’- have been defined in a waj^-, in which 
it is hoped, they would be easily appreliended by a practical 
man. Before the reader, however, proceeds to the perusal of 
the following Chapters ^ve would recommend him to acquire 
a knowledge of the Nautical Almanac by attentively read- 
ing over the e.xplanation of the contents appended to that 
work. 

It is of considerable importance to a Surveyor to know the 
names and positions of the principal stars. The following 
directions from “ Mackay on the Longitude,” will be found 
of service : 


Or THE Fixed Stars. 

The Fixed Stars are so named, because they are observed to retain their 
relative places with respect to each other. Some Stars appear to be of a sen- 
sible magnitude to the naked’ eye, but when viewed through a telescope, seem 
only as lucid points, without any appai’cnt diameter ; hence their immense dis- 
tance from the solar system is inferred and consequently, thej' emit their own 
light, otherwise they would be invisible. It is, therefoi-e, i*easonable to sup- 
pose them to be so many suns ; diffusing light and heat, to planets revolving 
round them. 

The Stars, with respect to their apparent splendour, are dmded into orders, 
called MLvgnitudes. The brightest are called Stars of the First Magnitude ; 
the next to these in splendour, Stars of the Second Magnitude, and so on to 
those which are just perceptible to the naked eye, and which are called Stars 
of the Sixth Magnitude. Those which cannot be discerned without the assis- 
tance of a telescope, are called Telescopic Stars, and are divided into orders of 
the Seventh, Eighth, Ninth, &c. magnitudes accordingly. We are not, how 



c\or, to infer from this, that the Staw can Ira e-vactl^ reduced to one or other 
of these magnitudes, for the Star n Aquilsc I3 rcckoneil by some to be of the 
first "Megnitude, and others esteem it of the second , hence those Stars, nhoso 
hlagnitudes are doubtful, arc gcnorallj marked \\\ catnlognea as partaking of 
both 'Magnitudes— thus n Aquilos m marked 1 2, signify mg that it is either of 
the first or second, or rather between these IDigniludes , and v Scorpionis is 
marked 3 4, as being between these Magmiudes , and the figure denoting the 
magnitude, to which the Star is nearest, is put first — thus, 5 Scorpionis is 
maJked 32 , signifying, thercfori^ that it is between the second and third 
Slagnttudcs, but nearest the third. Prom what has been said of the Slngni 
tudes of the Stars, wo are not to suppose that their sizes are in the ratio of 
their apparent ^lagnitudes , they maj perhaps bo nearly of the same bulk, 
but the apparent Alagnitudo of a Star depends on its distance 

The Stars, for the purpose of finding any one more readily, are divided into 
parcels called Constellations Those, m order to assist the imagination, 
arc supposed to bo circumscribcil with some kno^vn figure, ns that of a wan, 
irooian, ship, seztant, Stc and those Stars which ho between constellations aro 
callol Unfoumed Staps As it would bo an endless task to give a proper 
name to each Star, it has, thetefere been customarj to mark the Stars of each 
constellation, with the letters of the Greek alphabet, in such a manner, that 
the first letter is pretaTuI to the brightest Star, the second letter to the no\t 
m bnglitncss, and so on Many of the brightest of the iked Stars have also 
proper names— thus «, UootT, is also called Arciurus, e, Virginis, » called 
Vin Icmtalrtz, S,c 

The ccloslial sphere is divided into throe parts, the Zodiac, and the 
UouTiicnN and SoirriiEmK Uejiisi herfs 

The Zodiac extends to about S” on each side of the echptic, and contains 
the orbits of all the planets there ore twcUo constellations in the Zoihae 
Acconling to the ancients, there were 21 constellations in tho Northern Lcmis- 
phon, and 15 in tho Soutlurn , qnd consequently, 48 constellations m the 
/(xliac and both hemispheres Modem astronomers, however, by curtailing 
sev oral of the ancient constellations of some of thtir stars, w Inch the^ fennctl 
into new constellations , and by forming into constellations tho unformetl 
Sears, or tiiosc winch la) between the ancient ones, hav c increased the num- 
ber of constellations m the Northern hemisphere to upw anls of 40, and those 
in tlu-Soulliim to about 49, an 1 consequently, there arc iipwanU of 100 
constellalions lu all Tho names of these constellations aro as follows 


I An 1 
S T»uru« 

3 0 mot 

4 C4np r, 

5 

C Virfo 


Theltsffl 

BuIL 


ZODItCAL CONSTELLATIONS 
TLitrs 
8 8con‘ o, 

0 

in Capnconiu^ 

It Aquanat 


Tern* 

Cr»l> 


The PiUnce 
8oori>loTi 

Guat 

Metor nearer 
Fnliri 
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1 Ursa Minor, 

The Litllc Bear. 

2 Ursa Major, 

Great Bear. 

3 Draco, 

Dragon. 

4 Cepheus, 

Cepheus. 

C Bootes, 

Bootes. 

0 Corona Borealis. 

The Northern Cromi. 

7 Hercules, 

Hercules. 

8 Lyra, 

llio Harp. 

9 Cygnis, 

Swan. 

10 Cassiopeia, 

Cassiopeia, 

11 Perseus, 

Perseus. 

12 Auriga, 

The IVaggoner. 

13 Serpcntiirius, 

Sorpentarius. 

14 Serpens, 

Tlio Serpent. 

15 Sagittn, 

Arrow. 

10 Aquila, 

Engle. 

17 Antinons, 

Antinons. 

18 Dclphinus, 

The Dolpliin. 

19 Eqnuleus, 

Horse Head. 

20 Pegasus, 

Flying Horse. 

21 Andromeda, 

Andromeda. 

SOUTHEBN CO 

1 Cctus, 

The MTiale. 

2 Orion, 

Orion. 

3 Eridanus, 

Eiver Eriadanns. 

4 Lepus, 

Haro. 

6 Canis Major, 

Great Dog. 

0 Canis Minor, 

Little Dog. 

7 Argo Navis, 

Ship Argo. 

8 Hydra, 

Hydra. 

9 Crater, 

Cup. 

10 Corvus, 

Crow. 

11 Centaurus, 

Centaur. 

12 Lupus, 

Wolf. 

13 Am, 

Altar. 

14 Corona Australis, 

Southern Crown. 

16 Piscis Australis. 

Southern Fish. 

10 Columba Noachi, 

Noah’s Dove. 

17 Bober Carolinum, 

Boyal Oak. 

18 Grus, 

. Crane, 

19 Pheonix, 

Pheenix. 

20 Indus, 

Indian. 

21 Pavo, 

Peacock. 

22 Apus, ou Aria Jjj- 
dica. 

Bird of Paradise. 

23 Apis, on ITtisca. 

Bee or Fly. 

24 Crux, 

Cross. 

25 Chamelion, 

Chamelion. 

20 Trianguliun Axis- 

Southern Trian- 

tralis. 

gle. 

27 Pisces Tolans, ou 

Flying Fish. 


J^OKTUKRy CONSTELLATIONS. 

22 Tri.'jng. Boroalis. 

23 Coma Berenices, 

2i Camcloparilalus, 

25 Mouocoros, 

20 Triangulum Minns, 
27 Lynx, 

29 Leo Minor, 

29 Asterion ct Ohara, 

30 Cerberus, 


Tlio Norfhern Triangle’ 
Berenice’s Hair. 

The Camelopard. 
Unicom. 

Little Triangle, 
Lynx. 

Little Lion. 
Greyhounds. 
Cerberus. 


31 Yalpccula et Anser, The Fox and Goose, 

32 Scutum Sobieski, Sobicski’s Shield. 


33 Lacerta, 

3-1 Mens Mrcualns, 
33 Cor Caroli, 

30 Benno, 

37 Lc Messier, 

33 Taurus Eeg.alis, 
39 Ericdrick’s Ehre, 


The Lizard. 
AMountainof Arcadia, 
Charles’ Heart. 

The Eein Deer. 

M. Messier. 

The Eoyal Bull. 
Predorick’s Gloiy. 


40 Tubus Hcrschelii HerseheTs Great Te- 
Major, lescope. 


28 Dorado, ouXipMas, The Sword Pish. 

29 Toucan, American Goose. 

30 Hydrus, AYater Snake, 

31 Sextans, Sextant. 

32 Apparatus Sculp- Apparatus of the 

toris, . Carver. 

33 Pornax Chemica, Chcmic.al Purnaee. 

3-4 Horologium, Clock. 

35 Beticulus, Eetioulat. Ehomboid. 

30 Cajlum Scalptori- 

um, Graving Tool. 

37 Eqnuleus Pictoris, The Painter’s Easel. 

33 Pyxis Nautica, Mariner’s Com- 

pass. 

39 Anth’a Pncmnatica, Air-pump. 


40 Octans, 


41 Circinus, 

42 Nonna, 

43 Telescopium, 

44 Microscopium, 

45 Mons Mens®, 

40 Solitaire, 

47 Psalterium Geor- 

giannin. The Georgian Psalteiy, 

43 Tubus Herschelii 

Minor, Herschel’s less Tele- 

scope. 


Octant or Hadley’s 
Quadrant. 

A Pair of Compasses. 
The Square and Buie. 
Telescope. 
Microscope. 
Table Mountain. 

An Indian Bird. 
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Throe more Southern constellations hswc been lately added, viz. Montgol‘ 
ficr'a Balloon, which is between Sagittanos, Capricon, the Southern Fish, and 
the Slicroscopo , the Press of Guttenherg, between the great dog and the ship , 
and the Cat, between Hydra, the ship, compass and air pump The two first 
of these constellations were formed by astronomers at Gotha, in Upper 
Saxony, and the last by the late M Jerome de la Landc 

The number of Stars of the first Magnitude, in the zodiac, and in both he- 
mispheres, do not amount to twenty 

The Pleiades, or, as they are more commonly called the Seven Stars, al- 
though only SIX principal stars remain, are, it is presumed, universally known 
Towards the S E and at thcdi»tance of nearly 14“, is the star Aldebaran, of 
the first magnitude, and of a reddish colour, which, together with a few small 
stars, form a triangular figure Between the N and E of Aldebaran, and 
about the angular distance of 45®, is Pollux, m the constellation Gemini, and 
at a small distance to the N is Castor From Pollux a little to the S of E. 
at the distance of about 37®, is Begulus, m the coDStcllation Leo , and from 
thence, at the distance of about 54® towards the Ea<t, is Spica Virginia 
From this star, and nearly m the same direction, at the distance of about 46®, 
is Antarct, of the first magnitude Prom Antarcs to AUair, or n Aquila, in a 
North-easterly direction, the angular distance is nearly 61® From Altair to 
Foinalhaut, lu a South easterly direction, the distance is about Q9^®, and from 
thcnco to a Pegaai, or hlarkab, the distance is about 45* in a Northerly direc- 
tion « and from a Pcgasi toaAneti* thodistonceis about 43|® in a direction 
n little to the South of East and Aldebaran is distant from n Arietts about 
35j°, nearly in the same direction, but inclimog a bttlo more to the 
South 

Some of the other principal fixed stars which may he employed m finding 
the latitude, and the apparent time at the place of obscriation, may be known 
by their relative bearing and distance from those already described. The 
following few directions may, probably, be acceptable to some persons 

An imaginary line from the Pleiades through Aldebaran, at the distance of 
about 1C® from that star, in a South easterly direction, will pass through 
Bcllatruc, of the second magnitude, in the constellation Orton , and towards 
the East, about 7 from Bcllatrix, is Bctcigucsc, of the first magnitude, m the 
same constellation To the South of these stars, and nearly on a straight line, 
and at equal distances, are three stars, each of the second magnitude, called 
the Belt or Girdle of Onon from the belt, tow ards the South is the Sw ord of 
Orion, m w bich ii a remarkable nebula , a lino from Betclgucse, between the 
first and second stars m the belt of Orion, will pass through Ihgel, of the first 
magnitude From Bctelguesc, towards the East, at the distance of about 2C®, 
13 Procyon, betw cen the first and second magnitudes, m the constellation Cams 
SImor These two stars, and Sirms, < f the first magnitudi, m Cams Major, 
towards the South, form nearly an equilateral tnangU 
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From Aldcbavaii, in a direction a little to tlie East of North, and at thedis- 
^ lancc of about 31°, is Capclla, of the first magnitude; tlicse two stars and 
Castor form nearly an isosceles triangle, Capella being at the vertex. A lino 
from Eigel through Capella produced will nearly pass through AJruccahah, 
or the pole star ; the distance between the two former being about 54° and 
that betAveen Capclla and Alruccabah 44° The pole star is the last in the 
tail of the constellation Ursa Minor, Avhich constellation contains seven prin- 
cipal stars, and is similar, but differently posited Avith respect to Ursa Major, 
or the Great Boar ; the tAvo Westernmost stars of this constellation, AA'hen in 
the hemisiAherc South of the pole, are called the Pointers; as a line through 
them jioints out, or is nearly in a direction Avith the pole star. 

Towards the South of Ecgulus, and inclining a little to the West, at the 
distance of about 23 j°, is Alpliard, in the constellation Il3'dra. From Regulus 
to Dencb, the distance, in a direction to the North of East, is about 23j°. 
From Spica Virginis to Arcturus, in a Northerly’ direction, the distance is 33° ; 
and ncarlj* in a line betAveen them is Vindemiatrix, in Virgo; to the North of 
this star, at the angular distance of about 27^ degrees, is Cor Caroli, In a 
North-easterly' direction from Arcturus, at the distance of 19^-° degrees, is 
Alphacca, in Corona Borealis ; and from thence, nearly in the same direction 
at the distance of about 39 J°, is Vega, or a Zgra, of the first magnitude. At 
the distance of 47° from Spica Virginis, tOAvards the South, is the Northern- 
most of four stars, forming a cross, and therefore, called the Crosiers. 

Nearly 14° to the North-east of Altair, is the constellation Delphimis, in 
Avhich are four principal stars, in form of a rhomboid ; and this line being 
produced from Delphimis, in the same direction will pass through Sekeat, a 
star of the second magnitude, in the constellation Pegasus. About 13° to the 
South of Scheat, is 3far/iab, a star of the second magnitude, in the same 
constellation; nearly 16i° to the Eastward of Markab, is Algenib or y Pegasi, 
of the second magnitude; and about 14° to the Eastward of Scheat, is a Andro- 
meda;, or Alpheratz, a star of the third magnitude, in the head of Andro- 
meda. These four stars form a figure AA'liich is usually called the Square of 
Pegasus. 

From a Andromeda;, in a North-easterly' direction, at the distance of nearly 
14i°, is Mirach ; and 23j° therefrom, in the same direction, is the variable 
star Algol In a perpendicular direction from the middle of the line joining 
Mrach and Algol, tOAvards the North, and at the distance of about one-eighth 
of that line, is Almaach. About 213°, towards the North of Mirach is Seliedir 
in Cassiopeia ; this constellation contains five stars of the third magnitude, 
and is easily known. BetiA'een the South and West of the Pleiades, at the 
distance of 23°, or from Aldebaran 26°, is Menltar, of the second magni- 
tude. Betelguese, Rigel, and Acliernar are nearly in the same direction, 
the distance betAveen the two last being 4i times of that betAveen the two 
first. 



CHAPTER II 


OV TIIF DETEn’^IlNATIO'f OP THE ERROR OP A CUPO- 
>OiIETEr , AND or THE AziMtlTII OP THE REFER- 
RING Mars, from obslpvations made at ani timf 
OV THL Son or a knorn Star 

When a clironometer forms a part of the equipment of a 
Sorvejor, the first thing ho must apply himself to is tho 
ilctcrmmation of its error This may he easily effected by au 
obscnatioii taken at any timo to tho sun or a star m the 
following manner — First, to begin ivith the sun, which, sup- 
pose, is on the east of tho meridian. With a theodolite 
propcrl} adjusted, take the altitude of the sun’s upper limb, 
noting tho chronometer time of tho observation Then as the 
sun 13 ascending, allow tho telescope to stand at the same 
clcN ation, and mark the chronometer time when the lower 
Umb attains to that altitude This will complete Qbaar\3JUAn.<i 
on one face of the instrument, and similar observations being 
repeated on tho other face, tlicrc w ill be two obsened altitudes 
and four chronometer times, the mean of the former is obai- 
onslj tho altitude of the sun’s centre, divested of instrumental 
errors , the chronometer time corresponding thereto being tho 
mean of the four observed times aforesaid. 

On the other hand, when the sun is on the west of the 
meridian, and descending, the lower limb will require to 
be observed first and then the upper, a contrary procedure 

4 51 
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Leiiig followed ou the eastern side, because the sun was ascend- 
ing. With the exception of this difference, the observations on 
both sides the meridian arc to be conducted in exactly the 
same manner. 

The altitude of the sun’s centre being derived in the way 
described above, the next step is to clear it of refraction and 
parallax, (vide appendix,) an operation Avhich will furnish what 
is technically called the true altitude. Deduct this altitude 
from 90°, the remainder will be tlie zenith distance of the 
sun s centre. 

Besides the zenith distance, there will be two other quanti- 
ties required in the present computation, and these are, 1st. — 
The sun’s north polar distajice, and 2nd. — The colatitude of 
the place of observation: the former ina}'- be taken out fi.’om 
the Nautical Almanac, while the latter must be derived from 
observations made for tliat purpose, or from a previous survey 
operation. 

The three elements, viz. the sun’s zenith and north polar 
distances, and the colatitude of the place being obtained, the 
computation of the chronometer error may be performed in 
the following manner : 

1st. Collect into one sum the zenith and the north polar dis- 
tance of the sun, and the co-latitude of the place, and take 
its half: then diminish the half sum by 1st the zenith dis- 
tance, 2nd the north polar distance, and 3rd the colatitude, and 
call these differences in the order in which they are taken, 

2nd. To the log cosecant of the half sum as taken above, 
add the log cosecant of Dj, and the log sines of Dn and ; 
the sum divided by 2 is the log tangent of an arc, which being 
found and doubled, will furnish the sun’s horary angle at the 
time of observation. 

3rd. The horary angle being in space must now be con- 
verted into time, and then subtracted from the mean time of the 
apparent noon or added thereto, according as the observation 
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w as made on the cast or nest of the meridian.* The difference 
or the sum, (as the case may he,) so obtained, -will be the 
mean time of the observation. 

This mean time may now ho compared with the mean 
observed time, and tho difference between the too will be the 
error of the chronometer. 

TTAMPT.T? 

SPBcnrsa' o» tn* Boo* 

A/tenexm eiimattons iaken oji tht tun at t*t Surveyor OeneraVt OJiee, Delra, 
tZttiJuguHl&ia 


OtjMt obwrred 

1 

Tcrticnl Vernier 


A 


Mean 


O't Lower Zimb, 

X 

19 A> 4a 



BSSB 

•t UfpcrLuob, 

„ 

10 43 45 




1 , Lower Iamb, 

R 

19 91 45 




>• Upper Iamb, 


13 61 45 





Hleu ob««rr«d altitude, as 19 20 0 
b n » 
Tunc, sa 10 C5 9 
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of - Computation. 


Mean obserrod Altitude, 

0 

10 

/ // 

20 0 



Itofraction and Parallax. ... 


2 36 



True Altitude, 

19 

17 24 



Zenith Distance, 

70 

42 36 



North Polar Distance ! 

76 

2 46 



Colatitude, 

59 

40 8 



Sum, 

200 

25 30 



Half Sum, 

103 

13 45 

Cosec. 

O’OllOoll 

Half Sum diminished by zenith distance, 

32 

30 9 

Cosec. 

0-2697537 

Ditto ditto North Polar Distance, D 2 

27 

9 59 

Sin. 

9'6595133 

Ditto ditto Colafitude, D 3 

43 

32 37 

Sin. 

9.8381603 




2^19-7790783 

Half the Horary Angle, 

37 

47 27 

2 

Tan. 

9-8895393 

Horary Angle in Space, 

75 

34 54 




h. 

m. s. 



Ditto in Time, ... 

5 

2 19 



Mean Time of Apparent Noon, 

0 

4 13 



Mean Time of observation, 

6 

.6 32 



Chronometer Time of ditto, 

10 

55 9 



Chronometer Error, 

5 

43 37 




On account of the difficulty of intersecting the sun’s centre, 
four observations as has been seen, are necessary to determine 
its altitude. Such a rigorous procedure, however, is not requir- 
ed for a star which is a small object, and easily intersected. 
With a properly-adjusted theodolite, take two altitudes to a 
star one on each face, noting- the chronometer time of each 
observation. The mean observed altitude, as likewise the mean 
observed chronometer time being computed, and the former 
cleared of refraction, the deduction of the hoz’ary angle may be 
taken in hand, for which the process to be followed is the same 
as that for the sun. The horary angle being deduced, it must 
now be added to or subtracted from the star’s apparent right 
ascension, according as the observation was made on the west or 
east of the meridian. The resulting sum or difference will be 
the siderial time of tlie observation, which reduced to mean 
solar time, and compared with the mean observed time, will 
furnish the error of the chronometer. 
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Ainlogous to this process of ascertaining the crroi of a cluo- 
nometer, tlierc exists a method for determining the azimuth of 
a Survej To accomplish tlio latter object, the Surveyor 
establish a referring mark at the distance of a mile from 
the station of observation, so that it may be visible with the 
solar focus of the telescope attached to his theodolite When 
the referring mirk has been selected with due regard to this 
condition, he will proceed with his observations upon the sun 
in the following manner 

Adjust tbe theodolite over 
the station dot, and take 
a reading to the referring 
mark, after which, turn the 
telescope to the sun, and 
placing it in one of the four 
angles of the iMrcs, make 
those iMros tangents to its 
Bides, as shewn m the annex- 
ed figure, m which AB and 
CD represent the wires and 
S,Si S'f S' the sun Now 
read off the horizontal and aerlical limbs of the instrument 
IJns done, take a similar observation of the sun in the 
opposite angle of the Mires,* after which, bring the teles- 
cope to the referring mark, and lako a second intersection 
thereof 

Nom, compute the difference between the first azimuthal 
reading of the referring mark and the like reading of tlic sun, 
this Mill be one angle Again, pcrfonnmg similar operation 
upon the second pair of readings, there will result another 
angle The mean of these two angles will ob^ lously be the 
angle between the sun’s centre and the referring mark on 
one face In like manner, the mean of the ^crtlcal angles 

• In the D agram Ibc ^ S is opposite lo the S and t!ie ^ to 5^ 
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observed, will be the filtitiule of the sun’s centre on tlie same 
luce. 

Similar observations being made on tlie reversed face of 
the instrument, there will ultimately arise a hori/contal angle 
and an altitude, analogous to the horizontal angle and altitude 
mentioned above. The mean, therefore, between the two 
liorizontal angles so deduced, will he the angle between the 
referring mark and the sun's centre, cleared of facial en'or. 
I'd* the same reason, the mean between the two altitudes Aviil 
be the elevation of the sun’s centre, divested of all instru- 
mental discrepancies. 

The foregoing data being obtained, the next step is the 
computation of the sun's azimuth. The elements inrolred 
in this deduction arc 1st — The sun’s true 2 :onith distance; 
2nd — Its north polar distance, and ord— Tiie colatitude of the 
place : — the mode of deriving which, having been explained 
in a former part of this chapter, it will not be necessary to 
enter into that subject again at this place. 

Combine into one sum, tlie sun’s north polar and zenith 
distances and the colatitude of the place, and tiike its half. 
Diminish this lialf sum by 1st, the north polar distance, 
2nd, the zenith distance, and 3rd the colatitudc, and call these 
differences taken in succession Z)', D'' and D'". 

To the log cosecvant of half sum, add the log cosecant of 
JD' and log sines of U' and D''. The resulting sum diwded 
by 2 will be the log tangent of an arc, which being found 
and doubled, will be the sim’s azimuth at the time of obser- 
vation. 

The sun’s azimuth as deduced above, originates from the 
north, and extends towards tlie east or west as the observation 
was made on one or the other side of the meridian. Apply 
now this azimuth to the mean observed angle between the 
sun’s centre and the referring mark, the resultuig arc will ho 
the required azimuth of the latter. 



example. 

Spscius'f oy TitB FJB1.D Book. 

Jfomuij Jiytsla faim «l MsSoM, Stureimr Gmersr, Offic. 2Ii( J/«y 1815 



O (nigUftndnjiper,) 
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Mean observed Altihule, 
Kefraetion and Pnrallai, 

True Altitude, 

Zenith Distance, 


» / // 

IG 42 45 

3 3 Mean observed angle ' 

10 39 42 between the Sun and - 

73 20 38 Eeferring Mark, 


/ n 

49 51 -JO 


Type of Couputation.. o t n 

O’s North Polar Distance, 69 40 34 

,, Zenith Distance, _ 73 20 18 

Colatitude of (he place, 61 33 30 


Sum, 



... 207 

36 

22 


Half Sura, 

. 

.. 103 

48 

11 

Cosec. 0-01272C1 

Half Sum diminished by North Polar Distance, D' 

.. 34 

7 

37 

Cosec. 0-2510152 

Ditto ditto 

Zenith Distance, ... D" 

,. 30 

27 

63 

Sin. 9-705014G 

Ditto ditto 

Colatitude, d'" 

,. 39 

12 

41 

Sin. 9-8008130 






2^19-7695992 



37 

/ 

29 

// 

19 

2 

Tan. 9-8847996 

©’s Azimuth, 

,,, 

. 74 

68 

38 


Observed Angle between 0 and referring mark, 

. 49 

61 

40 

* 

Azimuth of the referring mark, 

124 

60 

18 



To make the foregoing process of observation and compu- 
tatioiir applicable to a star, take, as in the case of the sun, 
its altitude, and the angle which it may be inclined to with the 
referring mark. These observations will re(;[uire to be re- 
peated on both faces of the theodolite, and the mean results 
taken, to free the latter from instrumental errors. This done, 
clear the mean observed altitude of refraction, and deduce 
therefrom the star’s true zeuith distance. With this element, 
and the star’s apparent north polar distance, and the given co- 
latitude of the place, compute the star’s azimuth in the same 
way as in the case of the sun, which azimuth, applied to the 
mean observed angle between the star and the referring mark, 
will furnish the azimuth of the latter. 

To give the Surveyor an idea of the accuracy attainable by 
this method of determining the azimuth, the results of thirteen 
observations taken in the Revenue Survey of the 24-Pergun- 
nahs are here given the mean whereof, when compared 
with the corresponding azimuth in the Ti’igonometrical Sur- 
\ej, exhibits an error of 21". 
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Results of observations taken at No. 39, Park Street, 'with a 
Trougbton and Simms’s 7-inch Theodolite of Col. Everest’s oi 
East India Company s Pattern. 


Dale 

Stan obserred 

Dedneed Aximath of I.a 
Marluuere Dome 

17th Oct, 1848 

a Cassiopeia, 

IGS 11 44 

19th „ „ 

0 Scorpio (Antares,) 

11 12 

23cd „ « 

a Bootes (Arclurus,') 

12 32 

25th „ „ 

Ditto, 

10 8 

28th „ ,. 

a Scorpio (Anlarcs,) 

10 50 

2nd Nov, n 

r) Ursae 3Injor, 

10 22 

3rd „ >, 

a Cassiopeia, 

11 28 

3rd „ „ 

a Scorpio (Anlares ) 

11 44 

3rd „ „ 

a Taun (Aldcbatan,) 

11 39 

Cth „ . 

a Auriga (CapcBa,) 

11 56 

8th .. 

a Taun (Aldebaran,) 

11 8 

8lh „ 

a Lyrm (Vega,) 

n 56 

8tb Mar, 1849 

Sun, . « 

11 33 


Mean, 1C8 24 

By Great Tngonoroetneal Surrey, . 168 11 si 

Djscrcpanc}, . . 27 

These azimuths originate from the north, tint of the Great 
Trigonometrical Sunej is derived in tlic following manner; 

Atimutli of 39, Bark Street, from 1 a ilartiuierc,') o , 

measured from south, furnished by the Officer la chargeV 163 ll 53 3 
of the Coast Senes, \ 


The same augmented by t or 180* ... , 

Correction for the conrcrgcncy of the Mendiaa or 
AAofpage422 ' 

Aamuth of La Jfartimere from 39, Tack Street, 
reckoned from south, . . 


348 11 533 
— 26 

348 11 507 


Tlie same reckoned from liofth .... 


J6S 11 50 7 


4 N 




CHAPTER 111. 


Ok the deteiwh nation op the error and rate of 
A Chronometer, upon mean solar and siderial 
Time, from jieridional observations. 

When the direction of the meridian, or which is the same 
tiling, the azimuth of the referring mark is known, the most 
convenient method of determining the error of a Chronometer 
upon mean solar time is by taking a meridional observation 
of the sun. With this view, about half an hour before noon, 
plant the theodolite over the station dot, and perform thereon 
all the necessary adjustments. This done, take a reading to 
the referring mark, and apply thereto the azimuth of tliat point ; 
the resulting reading will obviously be the direction of the 
meridian. The instrument being now set to this reading and 
clampt, fix the telescope to the required altitude of the sun, 
and await its coming. When the sun has entered the teles- 
cope, bring it into the middle of the field by the motion of the 
vertical tangent screw alone, and then, as it advances forward, 
note the Chronometer times of the contact of the first and 
second limbs with the vertical wire of the telescope. Half the 
sum of the two observed times will furnish the transit of the 
sun’s centre over the vertical wire, or the meridian of the 
station of observation.* 

* In case both the limbs have not been observed, the method whereby the 
transit of the sun’s centre may be derived from the transit of one of the 
limbs is as follows. In the Nautical Almanac is registered the siderial time of 
the sun’s Semidiameter passing the meridian for every day in the year. Take 
this time and add it to, or subtract it from, the observed Chronometer time, 
according as the 1st or the 2nd limb was taken, the resulting sum or difference 
will be the required Chronometer time of the transit of the sun’s centre. 



When the sun’s centre passes o\ er a meridian, it is apparent 
noon there The mean time of the apparent noon for a given 
day at any place being dcduciblo from the Nautical Almanac, 
it is clear, that this time compared with the obser\cd time of 
the transit of the sun’s ccntic as deduced abo\ e, ivill obvious- 
ly furnish the error of the Chronometer 

Again, the difference of the errors of the Chronometer on 
tv\ 0 successiv e days will be its rate 


EXAMPLE 

Computation of tie olservatlotu made on the tun at Kaliana, G T 
Station, in Lat 03’ iff 49* and Long 77® 41 52* 


October 

183G 

Transits of the 
two Dmbs 

Trans tof 
the Centre 

Mean Time 
of nppa 
rent noon 

Error 

Rate 


h m s 

h m s 

b m 9 

Fast, 
b m 8 


&th 

1 0 5 20] 

0 3 57 90 

S3 48 S60I 

0 35 51 01 


CUi 

1 0 3 80) 

[ 0 c ro| 

0 4 1350 

S3 48 657 

0 10 8 93 


7th 

( 0 3 SCO) 
to 5 310) 

0 4 CG50 

S3 47 61 50 

0 10 3o00 


etli 

( 0 3 3S5) 
t 0 6 4-51 


S3 47 3180 

0 17 6 14 



Circumstances, however, will sometimes happen, which will 
prevent the sun from being observed. In tbis case, it will be 
necessary to resort to the transit of a star, winch may he taken 
in the following manner — The theodolite being duly adjusted 
in the piano of the meridian, the telescope may be fixed to the 
altitude of the star "Wlicn the star appears m the field of the 
telescope, it must bo brought to tho middle thereof, as m the 
ca«o of the sun, hj the motion of tho vertical tangent screw 
only Tins done, note tho Chronometer time of the star’s 
passage over the vertical wire, which will be the observed time 
of the transit 
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It Is uhvnys convoiiieiit to select a Nautical Almanac star 
ibr such observations, because its apparent right ascension 
being given, the compulation of its transit will present little or 
no dilliculty. F or this reason we -will suppose that a Nautical 
Almanac star has been taken. Now, the siclerial time of its 
transit is known, it being the star’s apparent right ascension at 
that instant, an clement which is furnished by the Nautical 
Almanac. Again, the same Avork gives the siderial time of 
the mean noon for cveiy day in the 3mar. For any given day 
ihcicloic take the sidciial time of the mean noon corrected for 
the longitude of the place of observation, and deduct it from 
the star’s apparent right ascension, the difference will be the 
siderial interval between the mean noon and the star’s transit; 
Avhich interval converted to mean solar time, will be the mean 
time of the transit in question.'^' 

'I’lic mean time of the star’s transit being computed, it may 
be compared Avith the observed time, and the error and rate of 
the Chronometer determined in the same way as in the case of 
an obser\mtion on the sun. 


EXAjMPLE. 

Comjnitaiion of Transit olscrvations made on lf» Argots at Nolt, G. T. 
Station, in Lat. 27° 50' 44" and Long. 77° 41' 13". 


^00 

r-4 

’a Apparent 
Eight As- 
cension. 

Siderial Time 
of 

SIcnn Noon. 

;Mean Time 
of ^’s 
Transit. 

Chronome- 
ter Time of 
Transit. 

Error. 

Bate. 

5 th 

h. m. s. 

8 0 3C-CC 

li. m. s. 

0 53 27'6G 

h. m. 8. 

7 5 59-02 

h. m. s. 

9 32 51-73 

Fast. 

h. m. s. 

2 2G 52-71 

Gaining*. 

s. 

Gth 

8 0 3G-C4 

0 57 24'21 

7 2 

3-10 

9 29 44-98 

2 27 41-88 

49-17 

7th 

8 0 3G-C3 

1 1 20-7G 

G 58 

7-18 

9 26 37-80 

2 28 30-62 

48-74 


Such is the way in Avhich the error and rate of a Chrono- 
meter are computed upon the mean solar time. If the error 
and rate are required upon the siderial time, however, the 

* The method of converting a siderial interval into a mean solar interval 
and vice versa is explained in the Nautical Almanac, (pages 554 to 557.) 
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procedure to be followed is exactly similar to that just des- 
cribed. For instance, suppose a transit of the sun or that of 
a star has boon taken, the apparent right ascension of the 
object observed, compared witlr the time of observation will 
furnish tlic error of the Clironomcter upon siderial time. 
Again the comparison of two errors determined in this way on 
two consecutive days, will give the required rate. 

As an example of tliis computation, take the same observa- 
tions made on the sun at ICaliana, in October 1836, 


JDeduelxon ^the Sttlerial error and rate of a Chronometer. 
Kahana Station o/obtervaticn. 


Oefol)cr 

1830 

Transit of ©’a 
centre. 

Apparent 

Ascension. 

Error. 

Rate. 



h m. 

0 3 C7 05 

li. m. 8. 

12 41 18 01 

SlOTT. 

h. s). 0 

13 40 30 C6 

losing:. 

m. B. 

ctli, 

0 4 12 60 

12 47 6761 

13 43 4514 

3 S4'48 

7th, 

0 4 20 60 

12 61 37 00 

12 47 10 50 

3 36 45 

8Uj, 


12 66 1006 

13 50 83 06 

3 2330 


In the preceding computation, it is assumed, that the true 
azimuth of the referring mark is given, and that the theodolite 

has been exactly placed in tho plane of the meridian. It is 
evident, that these arc conditions, which cannot he readily 
fulfilled in practice. For instance, it may Iiappen tliat only 
an approximate azimuth of tho referring mark is forthcoming; 
or that if the true azimuth is known, the tlieodolito has not 
been truly adjusted thereto. In cither case, therefore, there 
will bo an error in the setting of the instrument, and when 
that error is known, tho observed time of the sun’s or tho 
star’s transit, will require to be reduced to tho meridian, which 
may be done in the following manner: 

To the logarithm of the azimuthal-de\ iation of the theodo- 
lite from tho meridian taken in seconds, add the log. sine of 
the zenith distance of the object obscrvctl, the log. secant of 








i(M liceliiirUioiu niul (lio nriUimcticjil coni|»Ioinen( of tlio ioga- 
ritliiii of ]o, llic nnlunt! mtnihor answering lo the sum, will 
he the roqniiH’*! convctioji in sccondi? of lime, positive if the 
Iran^t <ih*;ei‘va{ion were made to the Bust, and negative if it 
were taken lo the Wt.'Sl of the ineriflian. 

When this eorreutioJi is applied to the observed lime of the 
transit, the restdting (deinont will l)e the true Clironometcr 
time <(f the meridional passage of the sun or the star observed. 


I’xvMrta-. 

At fi. T, Station Xoh. tlw wa*: jilnrt'tl .T'. 835 to the wst of the 

nifriilinn on thf Cth Ajiril t'^ar, niul tlio trnrisit of 15 Ar^a'" ohiorved. The 
eornotion to tit" tratoit fiin" for thit Arimtitlia! tl"\ inlion mny be computed 
a'» follot^jt ; 

it 

Arhnutlml diointion, ...... .3*835 Log. 0‘5S3r7 

X> i 9 

Zonitli J^i'antu-c of 15 Argn?, 51 41 10 Sin. T'S94CG 

Sonlli Dccliiintion of tlie .snnic, 23 50 2C See. 0*03873 

A. C. of Log. 15, 2*82301 

B __ 

Correction in .Boconds of tiino, — 0*22 Log.r34107 


Now, the observed tirno of tlio tran'tit tvns 0\ 20."’ 45*20,* wltich being 
diiuinislifd by this corroctinn will ftirnisb o.<‘ 20."' 44*.0S, ns tlic CItronoraotci* 
tiini* of the star’*! passage over the jneridinn. Accordingly this corrected 
time has been inndc ii'-e of in computing the Chronometer errors at p. GGS. 



CIIArXER IV. 


O.V THE DETEMtINATIOJf OP THE ERKOR OP A CORO- 

K05IETER FROAt OBSERVATIOMS ON A HIGH AND LOW 

STAR. 

There is a method, of ascertaining the error and rate of a 
Chronometer, whicli only requires an approsimato knouleclgo 
of tlic azimuth of the referring mark. TJie method consists in 
taking the transits of a liigh and low star* with a theodolite 
placed as nearly as possible in the plane of the meridian. The 
only precaution, to be attended to in taking these observations, is 
tlxatwheatlininatrumeut is once set to the moridiani it must not 
be ino% cd in azimuth, until both the required transits are taken. 

The transits of a higli and low star, taken as directed abo'se, 
furnish two results at once; namely, 1st, the deviation of the 
instrument from the plane of the meridian, and 2nd, tlio 

* “ In gmcral, the two stars suitable for this purpose, ouglit to have oppo* 
site df>clmatJons, one North nnil the other South, liavin" nearly the sarac right 
t»ccniion, and being reraoiwl from each other by not less than forty degrees ” 
— Pfarton's Aitnmorty Vol.1lnd,p 331 
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error niul nilo of tlu* (jlironoinctor. The funner of these 


articles having been treated of in suflicicnt detail in a former 


part of the worlc (pnoos ]7o, 170) it need not again occupy 
our attention at this place: the latter, liowever, is the especial 
subject of this cliaptor, and to tlml accordingly ^vc will direct 


the attention of the reader. 


''idle problem of determining times from the transits of a 
high and low star, may be divided into two cases: 1st, -when 
the high star is observed above the pole, and 2nd, when 
it is tahen below the pole. Jsacli of these cases may acain 
be subdivided into two others, with reference to the Nortli 
or South position of the low star with respect to the 
equator. 

The scjiaratc consideration of the several cases is necessary 
to the due understanding of the formulm, which will bo given 
presently. 

ATc will suppose that the stars selected for observation are 
those of the Nautical Almanac, and use the following s}Tnbols 
to designate the computed and observed elements, appertaining 
to them. 


E,vpla)ialio7i of the Si/mhoh'. 



High Star. Low Star. 


Ajiparcnt Declination as given in llie) 
Nautical Almanac for the date near- > , 

cst the time of observation, 3 

Apparent Riglit Ascension at the lime j 
of J ransit, .. ... ... ... ) * 

Observed lime of Transit, I 

CoiTcction for time of Transit, ... ... j 


X = Latitude of tbc place of observation. 






To COMPUTE i*. 


Take the difierenco hetween the right ascensions of the two 
stars, and convert it to Chronometer time; compute likewise the 
difference between the observed times of their transits ; subtract 
one difference from the other, and call the resulting quantity 
which will require to be taken in seconds and in decimals 
tlicrcof. , 

Tlic fundamental quantity t* being computed, the corrections 

and S// may be deduced by the following formulm: 

Case I. — When the high star is observed above the pole^ 
the hm star having north declination. 

, cos<f sm(</--\) ,, 

- . cosdsio (X— <?) .. 

^ ^ cos X sin (d — d') 

The low star having south declination. 

, costf sm(</— X) ^ 

cos X sin (d+tf ) ^ 


, , cosrf6m(X-}'<f) , 

cos X sill ^ 


Table exhibiting the tigns of corrrcZioMJ ^ cp'. 

Conditions. 

Signs of correction. 


^p 


IVtien tiie low star transits after the liigh star, or 



f-t > 

+ 


t'-t z 



When the high star transits after the low star, or 

typ. 


/-/' > JR—JR' 


s + 

M’ Z JR—ffl' 

+ 

— 
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Case IL l^Hien the Imjli star is observed below the pole, 
the low star havhig north declination. 

cosrf^sin(^) 
cos X sin {d-\-d'') 

cosrf.sin( X— tZQ 

cos X sin 

The low star having south declination. 


cp 


1 ) == (X+c? ) 

cos X sin ((Z — d') 

^ , cosdsm(\+d') 
cos X sin (<Z — d') 


Table exhibiting the signs of corrections Bp ^ Bp'. j 


Signs of correction. 1 

Conditions. 

Bp 

Bp’ 

When the low star transits after the high star, or 

t' > t. 


t'-t > jb! —M 

+ 

+ 

• 

• 

* 

1 



When the high star transits after the low star, or 

t > e. 


••• ••• *«• ••• ••• 

— 


t-t' Z JH— JR' 

+ 

+ 


Of the four heads under which the formula of computation 
are given, the intelligent Surveyor will take that which will 
suit his case, and proceed with his arithmetical deductions 
accordingly. 

When Bp and Bp' are computed, and proper signs alBxed 
thereto, they may he applied, the former to f, and the latter to 
Z'; the resulting elements will be the times of the meridional 
passages of the stars observed; whereby the error and the rate 
of the Chronometer may be easily determined. 









EXAMPLE. 

CompiilaUon of the transit obsmations made at Sara, Karara Senes Station, in October 1845 
Latitude of Sara =■ 26° 17' 17’, Longitude 81“ 14' 50" or 5 41GA. 
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Table exhibiting the results of the transit observations taken at Sora, Earara Series Station, 

in October 1845. 


a* Capricorni. 


Chronometer 


Clironometer 

Apparent 

Chronometer. I 

Date. 

Times of 

2P' 

Times 

Kiglit 




Transits. 


Corrected. 

Ascensions. 

Error. 

Bate. 


h. m. s. 

S. 

h. m. s. 

h. m. s. 

h. m. s. 

m. s. 

9 

1 66 14-6 

— 0-91 

1 66 13-69 

20 9 30-65 

18 13 17-06 


10 

1 62 68-0 

— 0'86 

1 62 67-14 

20 9 30-63 

18 16 33-49 

3 16-43 

11 

1 49 39-2 

— 0-84 

1 49 38-36 

20 9 30-61 

18 19 62-25 

3 18-76 

12 

1 46 21-2 

— 0*46 


20 9 30-60 

18 23 9-86 

3 17-61 

13 

1 43 6-3 

— 0-66 

1 43 6-64 

20 9 30-58 

18 26 24-94 

3 15-08 


X Ursce liJmoris. 

Date. 

Chronometer 
Times of 
Transits. 

SP 

Chronometer 

Times 

Corrected. 

Apparent 

Right 

Ascensions. 

Chronometer. j 

Error. 

Eate. 1 


h. m. s. 

B, 

h. m. s. 

h. m. B. 

h. m. B. 

m 

9 

2 2 39-0 

+ 61-93 

2 3 40-93 

20 16 69-01 

18 13 18-08 


10 

1 69 24-6 

+ 58-86 

2 0 23-36 

20 16 67-86 

18 16 34-60 

3 16-42 

11 

1 66 6-0 

+ 67-45 

1 67 3-45 

20 16 66-71 

18 19 53-26 

3 18-76 

12 

1 53 13-0 

+ 31-68 

1 63 44-68 

20 16 65-65 

18 23 10-87 

3 17-61 

|:s 

1 49 43-0 

+ 45-43 

1 60 28-43 

20 16 64-38 

18 26 25-95 

3 15-08 


It is necessary to remark that the Chronometer errors and 
rates deduced in this example^ are upon siderial time, and if 
they are required in terms of the mean time, the necessary 
reduction may be easily made by a reference to the following 
Chapter. 


f 

















CHAPTER V 


On the COHVERSIO't OF A. Givm CurONOlIETER TIME 
TO THE COUHESPONDINO MEAN SOLAR AND SIDERIAL 
T'lME, AND VICE \ EUSA 

It m ill Invo alrca<ly appeared to tlic reader of the foregoing 
pages, tint T\ liQther tho error of a Chronometer is determined 
from a meridional or an extra meridional observation, the 
general principle of deduction is the same m both cases For 
instance in cither case, tho mean solar time of tho obser\ ation 
IS first computed It is then compared with the obseried timet 
and the difference between tho two is taken as tho error of the 
Chronometer. 

It 18 com cment to have this process expressed m Algebraical 
S) nibols. For this purpose, let s designate the mean solar time 
of an observation, and c the CAronometer time corresponding 
thereto, then s co c *= is the Chronometer error at tho 
wAtevAef O.’.ateWvsatvMv Agava, exllyag s' awie' wva.V'iigwcis 
elements to s and c for a subsequent observation, there will 
arise s' c/> </ ^ o' the Chronometer error at the time of the 
second ohsen ation 

Suppose t to bo the Chronometer tune I}^ng betnoen c and 
c't which IS required to be converted to mean solai time It 
IS clear that if the Chronometer error e at the time /, n ere 
known, then i ± « would be the rnmn solar time sought, the 
upper vigil being u'Cil when < > c, and the lower sign 
when* Z. c 



I }i<' Ici'Hi ( MKiv Ik; ('onijjul'jfi in flic followitif^ manner: 
:.u]}!r;!<:t r from r' anrl /, fhc rc.'julfing terms (c—c) and 
{/— r) v. ill rf'j)rc;'i‘nl C}ir<>nomet';r intervals, the former be- 
fv.een r'' and r, ntal tlie InttiT between j'ajide. Again (/ c/> c 
stands fur (berate, (tr the increment or ficcrcmcnt (as the case 
may be) of tbu Djronometer error engendered during tlic in- 
terval (c — r). Now assuming rates to be proportional to the 
intervals, during v/ldcb (bey are j»roduccd, wc shall Jiave 

(r — c') ; (/ cT/ e) : : {i — a) : 

d'lie fourth liTin when brought out, will represent the rate 
produced during the interval (V — c.) Wlicn the first error e 
has been correctctl by this rate, the resulluig term will 
obviously be t or (be error at the time f. 

KX AMPLE. 

ill KnlifUifi, iitli Oftober 1S;!0, flic pven Clirononiefcr fime is o'* 5b"* 
er* it i‘ rc'jiiirc*! to (be jiirati .••obtr tiiiif corrcspoiiflijig* thereto. 

Oil rc(t'rt’Hc(' to jniyi- (jii? of this v/or)., it vill be seen fbnt the Jiunicrical values 
of/, 0 , c . . for tlio oili and Oth October arc ns follow^: 



[>(/, 

Or tofu r. 

Qth 

October, 


li. 

in. 


Ii. 

III. 

s. 


= 23 

43 

20-01 

.-r- — 23 

43 

8-57 

r 

cr:: 0 

;i 

5r-.'>5 

c' = 0 

4 

12-50 

r 

cr= 0 

15 

31-91 

t= 0 

10 

3-93 

<•'- 

-r™ i;j 

0 

1 l-.M 




t- 

-r r= ft 

51 

2:i-05 





Par=: :j2-oe 

lint c for (t — r) Computed . 

(o' — c) in Kcomls SCinroo Loe. ‘PPaCoSGO 


A. c. o OGsnai 

f' f ditto, iVJ 02 Loir. I’oOoieiS 

(t-r) ditto, 2ieG9’03 Log-. 4-0-3r7481 

Hequirod rate, .... 7-83 Log". 0-8905805 

TJiis rate i-< positive, becnu.se the error is inrrcn.sing-, c being- d 

li. in. p- *>• s. 

Hence t = 0 15 31‘91 -p /'&3 = 0 15 39-i9 

a„(l (t—£) = 5 4‘J 47-21 Mean solar fiiiio, corresponding- to t. 

After having reduced a given Chronometer time to the cor- 
responding mean solar time, fhc latter may now be converted 
to sidcrial time, in the following manner. 
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Refer to the N'lutic'il Almanic ind take out the mean time 
of tho transit of tho first point of Aries immediately prior to the 
gi\en mean lime Now deduct this transit time from the 
gi\ on mean time, the differonco converted to siderial interval 
uill bo tho siderial time sought 

PX IMPLE 

Take tl e n e-in Folar time given above for Kahano 5th October 183G 

h m 8 

Given mean eolar time 5 '12 47 21 

"Mean Time of transit of first point of It «» 11 6 126j 

Mean solar mterTal 18 30 31 50 

Corn-spoil ling sidcnal inlervnl or 0 e sidcnal lime scmglil 1& 39 37 09 

TJ 0 trans t of tl e first point of Ines used in this comp itntion belongs to the 4f h 
October been «e it Is U at which immediately precedes tbo given tnea i time the 
same point transiting on tl e 5U which is after tl e given time 

In tho foregoing part of thi3 chapter, tho Chronometer errors 
e and t/ arc taken witii reference to the mean solar time This 
however is a circumstanco which cannot aln a} s bo expected to 
obtain in practice For instance, it maj sometimes happen 
that tho terms c and t' arc known v,ith reference to tho sidenat 
time onl) When this is tlio case, the given Chronometer timo 
t cannot at onco ho reduced to the corresponding inean solar 
time It must, in tho first place, bo con\ertcd to siderial, 
and then if required, to mean solar time 

With respect to the former of these reductions, tlio process 
to be follou cd is exactly similar to that used foi the conversion 
of my wenu s&lur irmt, 

the gi\ cn terms r , m this instance, being taken m terms 
of tho sidonal, in lieu of tho mean solar time When the 
«idcrnl time is computed, the corresponding mean solar time 
ma^ bo determined m the following manner 

Take out from the Nautical Almanac the siderial time of tho 
mean noon, immediately preceding tho given sidenal time 
Subtract the mean noon timo so found from the given sidenal 
time, the difibrcnco converted to mean solar interval, will be 
the mean tunc sought. 
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KX'AMPLK, 

In illn.'ifrnlion nflhh rornputaliou (aha tlici'aine example ns that given before, 
viz.,^ thi; Chronomet/T time f = ;V> riS'” 1>7' as observed at Knliana^otli October 
1830, and it is required to reduce it Miecessivcly to tlie corresponding- siderial and 
mean solar times. 

Tim siderial values of .t, e, s', and c' as given at page COO, are as follows : 

O/Zi Octobn- 1830. 0th October. 


m. h. s. 


m. h. s. 

= 72 41 18-Gl 

S‘ 

' = 12 47 57-Gl 

c = 0 3 57-0.5 

c 

'=04 12-50 

f — 12 40 20-GG 

c' 

' = 12 43 45-14 


h. m. 

s. 

c'—c 

= 24 0 

14*55 

t — c 

II 

29-05 

d—c 

= 3 

24*48 siderial rate. 

Siderial rate for t — c 

Cojnputcd. 

d—c in seconds 

8G4 14-55 

Log. 4-93C58G9 



C. 5-0G34131 

d—c ditto. 

201-48 

Log. 2-310C.50S 

t—c ditto. 

212G9-03 

Log. 4-3277481 

Acquired siderial rate, 

50-33 

1-7018120 

h. m. s. 


h. m. s. 

Hence £ = 12 40 20-GG 

y0*33 

= 12 41 10-09 

And (< +•£) = 18 30 37-09 

siderial time con-espouding- to t. 


In this case, t is made + becau.«e s c. 

To comjuiic the mean solar time answering to Chronometer time t, 

li. in. s. 

Computed siderial time for f, IS 39 37'99 

Siderial time of mean noon for 5th October, 13 55 51'4G 


Dificrence, 


5 43 43-53 


Dificrence reduced to mean solar inten-al or the mean 
time required, 


} 


5 43 47-21 


Before the chapter is concluded, it is necessary to shew the 
method of working the following problem : 

Giveti a mean solar or a siderial time cr, to compute the 
Chronometer time t corresponding thereto. Retaining the 
characters we have already used, Ave Avill represent by 5 and s' 
the mean solar or the siderial times (as the case may be) of the 
two time observations, one taken before and the other after a. 
c and c' being the Chronometer times corresponding to 5 and / 
and e and d the Chronometer errors derived therefrom. 



G81 


Now deduct s first fixim and llicn from o', the icsulting ^ 
dincrcnccs (s' — s) and (» — s) stand for the mean solar or side- 
rial intervals, the former between s' and s and the latter be- 
tween <T and s. Again the rate produced during the interval 
(s' — s) is o ' 07 e, whence the rale for (<r— will be tJie fourth 
term to the following proportion. 

(s' — s) : (c' CO c) : : (a — s ) : 

Tho fourth term being computed and applied to c, will fur- 
nish the Clironometcr error t at tho given time e. Correct- 
ing <r by the error so found, tliorc will result the required 
Chronometer lime t. 

In the foregoing explanalion tl\o given terms s and ^ and 
that required to be reduced a, arc supposed to bo of tho same 
denomination. But in practice this may not always be the case. 
For instance s and s' may be mean solar and a a sidcrial time or 
vice versti ; that is s and s' being sidcrial and e a mean solar 
time. In the former ease, <t must be converted to mean solar 
and in tho latter to sidcrial time, after which the necessary 
reduction may bo made as directed above. 


4 V 



CHArTEJJ VJ. 


TJIIi i\lKTllOJJ 01^ DETEinilNlKG THE AziMUTII OE 
THE KEEErauxG Make ekom an Obseevation taken 

TO A ClllCUMPOLAli StAB, AT THE TI3IE OE ITS 

Maxi]\iu:h Elongation. 

When the north polar distance of a star falls short of the 
latitude of a place, it becomes what is called a circumpolar 
star at that place, that is to say, a star which never sets, but 
is continually above the'-horizon, describing in the course of a 
siderial day, a small circle round the pole, of greater or less 
magnitude, according to tlie length of the star’s north polar 
distance. 

Ill the diurnal circular path, above adverted to, of a circum- 
polar star, there are two points, one of which is furthest east, 
and the other furthest west from the north pole. When 
the star arrives at the one or the other of those points^ it is 
said to bo at its maxunum elongation, that to the east, 
being called the eastern^ while that on the west, is styled 
the imstern dongation. 

When a circumpolar star arrives at its maximum elonga- 
tion, it becomes on account of its slow azimuthal motion a very 
convenient object for observation for the purpose of detennin- 
ing the azimuth of the referring mark. For this purpose, 
the elements which are required to be known with reference 
to it, are three in iiumbei’, and they are as follows ; — 1st, the 
time of the elongation, 2nd, the star’s azimuth, and 3rd, its 
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altitude. The fonnula) wherebj these elements may be com- 
puted arc given below : — 

Is/. For Horary Anglcy ... cosP =tan(ttan\ 

2nd* For Azimuthf sinA f=sina:sec\ 

2rd. For Altitude^ sinAlt^ sccco sin\ 

In these c\prcssions, a stands for the star’s north polar dis- 
tance, and X for the latitude of the place; P, A^ and alt. be- 
ing the required elements, the first, the star’s Iloraiy’ Angle, 
the second, its arimuth, and the third, its altitude. 

TiPb or CoMrrxvTiov 

a UrsM Jlinorn obscncil ftt K^liam, G T. Slntioii, on t1»t. tihcrnoon 
of tlio 5th October 183C 

jfe’a J«Qrtk I’oLar Distance <c » 1 S3 43 74 
Latitudo of iCaliana . X *= 29 00 19. 

Tonir... 8 4337077 Stna: ..64333403 l^cra^ OOOOtCIS 

7tiaX...9 752SS27 5VcX .. 0 0603010 5 ,„X • . & C925211 

Cbar... 6 1885901 StnA . 6 4959079 Sin ah .. 9 0926320 

V t= 69 6 53 30 .1 » I 47 42 35 All, ^ 29 31 32 13 

Wlicn the Horary Angle is Irouglit out in the nay direct- 
ed abo>o, it nill be in space, and will require to be contorted 
into time. Wiien this reduction is made, the resulting ele- 
ment added to or subtracted from, the star’s apparent right as- 
cension, will furnish the sidcrial time, in the former case of the 
w cslcrn, anti in the latter of the eastern elongation, w hich side- 
rial time maybe coiucrlcd (o corresponding mean solar or 
chronometer lime, as may be required, agreeably to the precepts 
giacn in Chapter Y. 

Kwvui tr 

Thes iho Ilorarj connulctl olwrc, conrcrlcd to lime, will be 5" 

5C" 27* 70, and the star's aipariDt ri,;ht ii«ccnsj m is !*“ 1“ 42 73* , lanco tlit 
ei Kml lim'-soflhe ra^tirn an I western clsn^tt rs a-e 19** 3“ 1 jN>> an I C** 
Sb” 10* 12, th^'amciii tnran s jUr tim*. biin»C' S" 2'J’, 17* 59* 19*. 
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After the preliminary computation has been gone through, 
the next step is^ to take the required observation upon the 
circumpolar star, which may he done in the following man- 
ner : — About a quarter of an hoiu’ before the maximum elon- 
gation, plant the theodolite over the station dot, and perform 
thereon all the necessary adjustments. This done, take a 
reading to the referring mark. To this reading apply the 
angle"' between the referring mark and the star, the result- 
ing reading is obviously the azimuthal direction of the latter. 
When the instrument is set in this direction, and the teles- 
cope raised to the computed altitude, intersect as accurately 
as possible the star, which will be found near the cross 
wires. The maximum elongation not having as yet occur- 
red, the star will be receding from the meridian, continue 
therefore intersecting it, until it reaches the utmost limit in 
the direction of its motion. When an intersection has been 
obtained at that limit, read off the instrument, after which 
talce a second observation to the referring markf 

The mean between the two readings of the referring mark 
may be treated as one reading, and the difference between it 
and the reading of the star will be the angle between the two 
objects observed, which angle being applied to the star’s com- 
puted azimuth, will furnish the azimuth of the referring mark. 

The observation above mentioned appertains to one of two 
faces of the zero, to which the instrument was set. On the suc- 
ceeding night, a similar observation will require to be made 

It wiU be sufficient if this angle is knouTi to wthin 2' or 3', and a 
result Avithin this limit may always be obtained in the following manner 
Determine an approximate azimuth of the referring mark by an obseiwation 
upon the sun as explained at pp. 661, 662, add this azimuth to the star’s 
azimuth or subtract one from the other, according as the referring mark and 
the star lay on different or on the same side of the meridian : the sum or 
difference so derived, Avill be the angle sought. 

f This process Avill not be necessary udien a good chronometer is at liand, 
because the time of the maximum Elongation being then accurately indicated ; 
an obscrAation on the star at that instant, AAill furnish the angle sought. 



on tlic opposite face of the same zero. In tins >ray all the 
zeros Ixjing disposed of, tbo mean of all tlio observations will 
be the true azimuth of the referring mark. 

Whenever practicable, the azimuth of the referring mark 
ought to be derived from two elongations of a star. "IVlien 
this can be done, the deduced azimuth will not he affected by 
tlio errors v\ liich may c\ist in the giv en latitude and north 
polar distance. On the otlier hand, an azimuth obtained from 
a single elongation will ho impregnated with the full effect of 
those errors.* 

It ought to be mentioned at this place that prior to the 3 oar 
1832, all the azimuths in the Great Trigonometrical Survey 
of India v\ ere determined by observations taken to stars at 
their maximum elongations. The method is susceptible of 
great accuracy, as will appeal from an inspection of tho follow- 
ing Table extracted from Col. Everest’s Indian Aic, published 
in 1 830, and containing a record of tho ohserv ations made on 
a Ursie IMinoris at tho time of its western elongation, together 
with the azimutlis of the referring mark deduced therefrom. 

• As tho npparent Isorth polar distance of a star is continualljr changing 
its saluo from one day to another, it is dear that tho horarj angloandtho 
azimuth, uhich arc derircd from it, mil require a fresh and independent 
computation, for CTcrj elongation observed. This is a tedious process which 
niaj Ik. easily avoidctl by using the following diffirential fonnuhv. 

s r, . 1 r . V tan alt secee 

cJ ( in seconds 01 time,) =s— . ccc 

VK-M)/UoCs)f.'ute,>-=a cwccIMtt 

whtnm CO! stands fur tho variation (supposed to be gi\cn in seconds) which 
lias tahen place In tho star's North polar iLstanco since tho 1st day’s obserm- 
ticm, cP, c/l licing the corresponding alti rations, tho former m tho horary 
ntigle and tho latter in t!ic azimuth compute therefore the azimuth ^1, tho 
horary angle P, and Uw. olutodc of the star fur the Erst *.longalion observed, 
and thcnniahing KP the difTirencc between tho I»orth polar ibstancc on 
thclstandony 8ul>«c«iiicntdayofobscnation,dcdacc ePand^A, andopply 
tlu m re«p<«ctiTcly to /’and vl, the nsalting terms will obviously bo those 
winch appertain to the star's polar dtstanee n: + ? O' 

As to thi ‘igns cf cl* and it will be nmcmbcml that tho former will 
Ik. negative and thu latter pcMitivr, when tho star's North polar distance is 
liu rv asm- j and that they w ill be of the contrary afii.'ctions w hen Uk. North 
j>v>lar dutance is dimnnslnng 



OBSERVED AZIMUTHS. ' 
Kalianpuh, TSTovembeb 1821. 

Cl UrscB Minoris — Western Elongation. 
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cnvprcR MI 


0> rilE ^[ETIIOD Oi DDTEUillMhO THE AZIMUTH OF 

TIIL IlE^ERrI^O M VI Iv, rnOM OBSB^.VATIO^S taicen to 

A ClWCUitl OLAP STAP. NE VR THE TIME OP ITS JIAMMU3I 

plongation, vs rrvcTisED IN THE Great Trigono- 
aiiTPicvi SuiAEi OI India, vlso on the 3iode or 
FINDING TIIF V VPIVTION OP THE NeeDLE 

It is clc'ir that when a circumpolar star is taken m the 
3\aj described in tlic preceding chapter, onl^ one observation 
can bo made at one elongation This is a great limitation of 
the povvers of tlio obscrvei To extend this power, the pro- 
cedure, introduced by Col Everest into the Trigonometrical 
Survej, consists in taking a circumpolar star, a certain num- 
ber of tunes before and after its greatest elongation, and in 
subsequently reducing these observations to the star’s maxi- 
mum position, and then working out tlic azimuth as before 
cvplaiuod. In addition to a tlicodohte, a good clironomcter is 
absolutclj necessary to carrj this process into effect 

Col Everest’s method of taking a circumpolar star may he 
described as follow s — ^^Vbout an hour before the maximum 
elongation of a star selected for observation, the observer will 
adjust the theodolite over the station dot, and set it to a 
given zero ‘Wlicn this is effected, take a reading to the 
Ucfcrring Mark, and then having fixed the telescope to the 
stars computed altitude, move it azimutli'illj b_j the hand, 
until the star appears m the field of vision. Now fasten the 
horizontal clamp, and bj the usual appendages of slow 
motion, phcc the star in the upper angle of the wires, if it is 
descending, or in the low cr angle, if it is ascending Tins 
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doncj call out to the assistant to count the seconds’ beats 
of the chroiioincterj at the same time watch tiie star’s approach 
to the intersection of the wires. As soon as the star comes 
over tlie said intersection,* mark the time, and then read off 
the azimuthal limb. Now loosen the horizontal clamp, and af- 
ter moving the telescojDC bj the hand a few degrees in advance, 
bring it back to tlie star, and then take another intersection 
thereon in the same way as before ; after which lower tlie 
telescope and make an observation on the Referring Mark. 
This will complete a set of observations on one face of the 
theodolite. As to the manner of treating these observations, 
it will perhaps be useful to note that one angle will be de- 
rived from the first pair of the readings of the Referring 
Mark and the star, while another angle will be obtained from 
the second pair of the readings taken on the same objects. 

When observations on one face of the instrument have 
been made as described above, the observer will now reverse 
the face of the theodolite, and take a second set of intersec- 
tions similar to the first. In this manner, when he has done 
with one face, he will revert to the other, until, as maj be 
required, four or six changes of face are regularlj gone 
through. This will complete observations on one zero, at a 
given elongation of a circumpolar star. 

The system of changing the zero of a theodolite as explained 
at pp. 403-405 will require to be practised in circmnpolar star 
observations in the same rigorous manner as in observations on 
terrestrial signals; for the graduation errors which that pro- 
cedure is supposed to correct, have a tendency to vitiate 
equally the two classes of observations, and in both cases, 
therefore, they must be eliminated by similar arrangements 
and artifices. When a circumpolar star is being observed, it is 
convenient to adjust the changes of zero bythe Referring Mark. 

* To do this -n-ell, will require a little practice. After two or three trials, the 
observer -svill know the direction of the star’s motion, and when he lias 
acquired this, he will intuitii^ely place the cross-wires, so that the star inn.ynt 
once come upon it. 



SI’KCIMKN’ OF TIIK ANOLK BOOK 
Vrt(T nt Fartern Ltongadon observed at Kahana, G. T, Station, on 

the afternoon of the oth October 1S3(^ ictth a three feet Theodolite. 
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The subjoined is a specimen of the Angle Book, for register- 
ing circumpolar star observations. 
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To obtain tiie best angles w]iich a theodolite is capable of 
famishing, tlie motion of the telescope, whether proceeding from 
tlie Referring Mark to tlie star, or vice versa, should be conti- 
nuous and in one direction, never allowing the telescope or 
rather the cross-wires contained therein, to pass the object to 
be intersected, and then be brought back to it. This mode of 
taking an observation, although difficult at first, is rendered 
very easy after a little practice. 

With a view of computing these observations, the first thing 
to be done is the conversion of the observed chronometer times 
to corresponding siderial times, the mode of executing which 
h as been explained in Chapter V. When this reduction is made, 
take the difference between the siderial time of each observa- 
tion and that of the maximum elongation, and convert it into 
space. Let SP stand for the elements so derived. 

Now SP being the interval elapsed between each observa- 
tion and the star’s maximum position, the term, which is now 
required to be known, is the azimuthal variation BA corres- 
ponding thereto. This term may be computed by the follow- 
ing formulm : 

Isf. When the star is observed heloio the maximum position. 


2 sin- J Bp 

sinP cot (s cos ^ ^ 1 -f- tan-ce cos BP-f- sec-w cotP sm BP ^ 


tan Ba = 


2?id. When the star is taken above the maximum position, 
t Ba ^ ^ 

sinP cot ce cos ^ 1 -j- tan-CB cos Bp — sec^oe cotP sin BP } 

in which as stated elsewhere X represents the latitude of 
the place, ce standing for the star’s North polar distance, and P 
for the horary angle at its maximum position East or West.* 


* As the star ascends on the East side of the meridian, the observations made 
before the Eastern elongation are reduced by the first formula, and tliose 
taken after, are computed by the second. In the Western elongation, a con- 
trary procedure is followed, because the star is descending ; the second formula 
being used in deducing the prior, and the first in computing the subsequent 
observations. 
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Tlieso formula: liavo been investigated by Babu Radhanatli 
Sickdliar, ebief computer to tbo Great Trigonometrical Survey, 
and are applicable to all circumpolar stars, irrespective of the 
lengths of their North polar distances, and they are now 
used in all tlie rigorous computations of the Great Trigonome- 
trical Survey. 

The terms iA being computed and applied to the observed 
angles, v e obtain the angles as if taken at the star’s ina\i- 
inuni elongation. To these angles, the star’s computed 
ajiinuth being applied, the resulting elements will be the 
required azimuths of tlie Referring Mark. 

It ■'sUl be seen that tbvsdftduetvvc process, aUUougl\ suited tu 
the reipiiroments of a Trigonometrical Survey, will prove much 
loo operose, if applied to an operation of a lower order. To 
meet the u ants of the latter, therefore, we will describe an 
approximate method of computation, derivable from the above 
fontmlm, and which when applied to a tXrsm Minoris, will not 
produce an error of a second in the result 

Tins approiimatc process of computation is as follows : 

1st Compute the follomng constant logarithm. 

0*20303 + log sec X log tan re + log, coscc P, 

2nd. Compute as accunatcly as the means will allow to the 
nearest second, the clironomctcr time of the star’s maximum 
elongation obseri ed. 

3rd. Compute the chronometer interval chpserl hoturon 
each ohsersation and the maximum elongation, and coiiveit it 
to minutes and decimals tliercof. 

4tli, Take the logaiithm of tho interval converted to 
minutes as directed abo\e, doublo it, and add thereto the 
constant log, deduced according to precept 1st 'J’Jic natural 
mimber .xnsuering to the sum is S/1 in seconds. 

5t!u in making this computation, the logarithms used 
not be carried beyond 5 decimals, 

T o carry this mcliiod into effect, u c v> ould recommend to 
Sunejor to deri\c his azimutlts from observations made 
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Ursic Minoris alone, %vlucli is a star generally known, and of 
easy recognition. The chronometer time of the star’s Eastern 
or Western elongation (as the case may be) being deduced, two 
pairs of angles may be taken before, and two pairs after that 
event, as described at pp. 6S7, 6SS. The corrections to these an- 
gles being computed by the approximate process, and applied, we 
sliall have the angles at the star’s maximum position. When 
these angles are combined with the star’s computed azimuth, 
there W'ill result the required azimuths of the Keferriug Mark. 

Tj/pc of Compidation hy the Approximate Process. 

Talvc the observations made at Kaliana, on the oth October 
1836, given atp. 689. 

Constant Logarithm Computed. 


Constant Log. ns per Eule, ... 

O / 


0-29303 

Latihulo of Ivaliaua, 

X = 29 30 49 

see 

0-06036 

^*s North Polar Distance. ... 

«;= 1 33 44 

tan 

S-43573 

Horary Angle, 

P = S9 6 56 j 

vide p. 6S3 j 

t 

I" coscc 

0-00005 

Eequired Constant Log 

••• ••• 


“7S917 


c A from thcfoUowing Computation applied to the Observed Angles. 


Observed An 
the ne:m?st s 

gles to 
econd. 

c--d 

Angles reduced to 
the time of Maxi- 
mum Elongation. 

O 

/ 


A. 

O 


i 

r 

1 

47 

< 

-r 

40 

1 

47 

44 

1 

47 

9 

34 

1 

47 

43 

1 

47 

26 

17 

1 

47 

43 

1 

47 

29 

13 

1 

47 

42 

1 

47 

40 

4 

1 

47 

44 

1 

47 

41 

1 

1 

47 

42 

1 

47 

47 

0 

1 

47 

47 

1 

47 

45 

2 

1 

47 

47 

1 

47 

36 

10 

1 

47 

46 

1 

47 

27 

14 

1 

47 

41 

1 

47 

11 

oo 

1 

47 

44 

1 

47 

o 

O 

39 

1 

47 

42 


Mean Angle at the time of Maximum Elongation, 1 47 44 

Arimuth vide p. 6s3. ... ... ••• ... ... 1 

Azimuth of the Kefeiruig itlavk West 0 0 1 




Dahtctton of c A 















694 


'J'lie azimutli of tlie RcfeiTin^r Mark liaviiio- 

o o 

Variation of tho nocdlo. • 

simple observation with 

tic instrument is onl}’- necessary, to ascertain at i i 

tion of the needle, by accurately fixing the theoclc 

station dot, and taking a series of magnetic bearin^ 

lerring j\Iark. Tiie difference between the im 

Jfeadings and the computed azimuth, is the requir 

wliicli will be East or West according as the tru 

greater or less than the magnetic, supposing th 

reckoned from North by East Hence to obtain the ' 

when the variation is East, add it to the magnetic ’ 

if IVcst, subtract it It is unnecessaiy to enter ! 

tliis subject beyond what is required for practic 

All the chief works on navigation treat of the varia| 

compass in different parts of the world, and to such 

reader is referred for further information. In this c 

maffiietic variation is about 2-}. degrees East. I 


I 



CHAPTER VIII. 


O.v THE i\rnTnoDs or onTEpMiNiNo THE Latitude 

OP A PLACE. 

Ik tliG methods of computation ■which hove already been 
treated of in the preceding chapters, for the detorniination of the 
error of the chronometer and of tho azimutli of the Referring 
Mark, tho latitude of tho station of observation is supposed to 
bo given. If this clement can bo derived from the Great Tri* 
gonomotrical Survey, tho best thing which the Surveyor can 
do, is to use It at once, as it would be superior to any deteiv 
inination, which ho is likely to effect for himself with tho limit* 
cd means at his disposal. On the other hand, instances will 
frequently occur of the Trigonometrical Survey not having 
extended to those districts, which are being traversed over by 
a revenue or topographical operation; in such cases tho 
required latitudes of places, must bo derived from observation 
alone. It is the. object of tins chapter to explain tho method of 
making and computing such observations. 

Wth this view wo will suppose that on a fine clear morning 
the Surve^-or has arrived at the origin of his operation, fur- 
nished uith a tljoodolitc, possessing a complete vertical circle, 
together uith a chronometerand a Nautical Almanac, and that 
he is ignorant of the geographical position of the place where 
he is standing, as also of the direction of the meridian, and the 
error of tho chronometer. Under these circumstances, the first 
thing he will have to execute js to put np the tJicodoIito and 
nnhc an observation upon the snn as directed in Chapter If., 
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and then taking out the latitude and longitude of the place 
from the best map -which may be within his reach, he will 
compute the error of the chronometer and the chronometer 
time of the apparent noon. This deduction will not be of a 
very rigorous character. This however is a circumstance 
W'hich will entail no inconvenience, as the object of this pro- 
cess is only to ascertain the approximate time of the sun’s 
passage over the meridian. 

About quarter of an hour before the chronometer time com- 
puted as mentioned above of the apparent noon, the Surveyor 
will intersect the sun’s upper or lower limb as may be con- 
venient. As the apparent noon has not yet occurred, the sun 
will be ascending, he will therefore follow up the intersection 
of the selected limb until it reaches the highest elevation. 
When an observation has been obtained at that limit, he will 
read off the vertical circle of the theodolite. 

This vertical reading will be the meridional altitude of the 
observed limb of the sun. It is however taken on one face, and 
will therefore be impregnated with the index error of the In- 
strument. The amount of this error may be determined in this 
way. Take any fixed well-defined and high terrestrial object 
and observe its elevation on both faces of the theodolite, half 
the difference between these elevations is the required dndex 
error, additive to the face which gives the loioer, and subtrac- 
tive from that which furnishes the higher altitude. The Index 
error of the instrument may be determined before or after the 
sun’s observation as may be convenient. 

When the observed altitude has been cleared of the Index 
error, the next corrections to be applied thereto, are refraction 
and parallax, the mode of computing which will be found in 
the appendix. After the observed altitude has been freed 
from the Index error refiraction and parallax, it may now be 
reduced to the sun’s centre. This reduction is thus performed. 
Increase or diminish the observed altitude corrected as des- 
cribed above by the sun’s semi-diameter according as the 
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lower or the upper limb was intersected, the resulting arc is 
tlio required altitude of the sun’s centre 

Wlien tho ele\ ation of the sun’s centre is known, it is easy 
to compute tho latitude of tho place According as tho sun’s 
declination is South or North, add it to, or subtract it from the 
said elevation, tho sum or difFcrencc so obtained will he an 
arc, tlie difference between winch and 90° is the latitude 
sought 

EX^VMTLE 

Tbesun was obsenedat ITfltipaon ontho ‘»5th Norember 183S 

Obsonod mend an altitude of the O* upper Jimb 39® 8 18 


Index Error 

+ 


34 

I ofraction on I Paralla'^ 

— 

! 

5 

0 a Scmi-dnmctor, 

- 

16 

14 

True altitndo of the 0 a centre 

35 

51 

33 

0 i South declination 

SO 

43 

IS 

Sura 

50 

33 

48 

Latitude of&atipaoD 

30 

S6 

IS 


If Similar observations arc made for eight or ten days in 
succession, and wrought up in tho way described above, tho 
moan latitude resulting, will bo sufficiently accurate for the 
bringing up of the azimuth deductions. 

But probably on the third or the fourth day, the error of 
the chronometer will bo known with great mcety, m which 
case it will not bo necessary for the Sun ej or to limit himself 
to a single obsen ation of the sun per day He may, for in- 
stance, take four altitudes and four ff/?;?- the apparent 
noon, marking down the chronometertime of each observation. 
In taking tho altitudes with a Theodohte, fc" will observe one 
limb first and then tho other, afterwLch the face of the instru- 
ment being iQ\ cr<ed, he will make two cthar ob'^rvations simi- 
lar to tho first This done, h- wQ charge the face again, ani 
ob*Lr\e m the same way z. hefxE. In this manner 

4 E 
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changes of face may be gone through dliring an interval of 
twenty or twenty-five minutes^ taking care that half this inter- 
val falls on one side of the apparent noon, and half on the 
other. In case of no Theodolite being available, a good sex- 
tant may be used. 

As to the manner of reducing these observations, it must be 
noted that the observed altitudes will, in the first instance, 
require to be corrected for the index error, and sun’s semi- 
diameter. When this is done, the resulting elements will be 
the altitudes of the sun’s centre. These not being observed 
on the meridian, will require to be reduced thereto in the fol- 
lowing manner : — Take the difierence between the chronometer 
time of each observation and that of the appai’ent noon, and 
reduce it to siderial interval. Again convert this interval into 
space and designate the resulting quantity by 

The term Sp for each observation being deduced, and the 
sun’s declination (djj and the approximate latitude north (X) of 
the place being known, the required correction for a given alti- 
tude may be computed by the following formulas, — 

W/ien the declination is North. 

Scosd cosX sin® S p 
sinl" 8in(f3 co X) * 

When the declination is South, 

2cos^ cosX sin® ^ dp 

g." — z i 

8inl"sin(fZ -p X) * 

The correction x’' brought out in this way, will be in 
seconds — and when added to the given altitude will render it 
meridional altitude. From the meridional altitude of the sun’s 
centre, the latitude may be computed as directed before. 

As an illustration of the computation of these formulte, take 
the following observations made on the Sun at Hatipaon, on 

* Tlie terms {d co X) and {d + X) represent meridional zenitli distances. 
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the 2nci December 1838, with Gilbert’s Sextant No. 1 and 
Hare’s Clironometer: 


Index trror of the Sextant “ 65' to be Ofphed negativdtf. 


Objects Observed 

Observed 

Deduced Elements of the 

O’a centre 

Double 

Altitudes. 

Chronometer 

Times. 

Altitudes cor- 
rected for Index 
moT. 

Hj 

O’a L. L. 
O’a U L 

O’s U L. 
O’a L L 

O’a I- L 

O’a U, L. 

O’a U. L. 
O’a L. L. 

O’s I* L. 
Oa U L. 

74 44 40 

75 49 30 

h in a 

21 17 0 

21 18 0 

87 88 5 

nil 


21 19 0 

21 20 0 

87 38 10 

21 19 30 

74 45 23 

75 49 60 

21 21 0 

21 22 0 

37 38 21 

mm 


21 23 0 
21 21 0 

37 38 11 

21 23 so 

74 45 0 

75 48 30 

21 25 0 

21 20 0 

37 37 65 

8! 25 SO 


Inches 

Ouonetcr s S3 668 


ThcraeroclCTSi 49 6 

In ihu Table (fic mean of (he «t(itades of (he sun's upjwr and lower Lmbs 
hss been taken as the clo-ation of the sun’s centre, the chronometer time 
corretpotiding thereto b"mg the mc«i of the two obscrswl times This is a 
process which is onl^ approximately correct, the ngorous procoduro as 
required by the rule, consisting in the aeparato reducUon of the mdiridual 
obsenrations to the aun's centre , a method of computation which has been 
dupensed wilh in the present instance, oo account of (bo limited accnracy of 
Ihoohserrrsl data. It ought to bo remarked that when two altitudes, one 
taken lx fore, and the other after the apparent noon, arc combined as is done 
in theTable, a positiTc error will be produced in the result. Consequently 
the two obscrralions taken under the latter circumstances wiU require to bo 
roTTected for aemulumcfer, and acparatcly reduccA 

UcducUon of the foregoing ob<emtioas. 

CoBstaot Log. Computed. 

C’« South OfflinaUoR, ... . d s Si 65 3t Ok. X 9CT39 

Approximate lat. of llatipaoo. . . X ® 30 £C 12 .. Cos. TIGSCO 
d^-XasSS Cl 4C . Cosec 010133 

UC + LCo«cc. 1' 5-CI5tC 

Cemtant 


. 5-CJ076 
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h. m. s. 

h. m. s. 

h. m. s. 

h. m. s. 

h. m. s. 

Observed Chronometer Times, 

Computed Chronometer Time' 

. 2117 30 

) 

21 19 30 

21 21 30 

21 23 30 

21 25 30 

of Apparent Noon, 

>■ 21 20 59 

21 20 69 

21 20 69 

21 20 69 

21 20 59 


j" Chronometer Time, . 

. 0 3 29 

0 129 

0 0 31 

0 2 31 

0 431 


Siderial Time, 

, 0 3 29-67 

0 1 29-24 

0 0 31-08 

0 2 31-41 

0 4 31-74 


^ Space, 

0 62 23-55 

0 33 18-60 

0 7 46-20 

0 37 51-16 

0 67 66-10 




0 26 12 

on 9 

0 3 63 

018 66 

0 33 63 

sini 

r • 

7-88202 

7-51100 

7-05293 

7-74095 . 

. 7-99477 


7-88203 

7-61100 

7-05293 

7-74095 

7-99477 

Constant Log., 

5-61978 

6-61978 

6-61978 

6-61978 

6-61978 

Log. a" .. 



1-38382 

0-64178 

“-72564 

1-10168 

1-60932 

x"... 



+ 24" 

+ 4" 

+ 1" 

+ 13" 

+ 41" 

Observed Altitudes, 

37 38 5 37 38 16 37 38 21 37 3811 37 37 65 

Eeduced Meridional Altitudes, ... 

3738 29 3T38 20 37 33 22 3738 24 3738 36 


Latitude of Hatipaon dedticcd. 



0 

/ 

;; 

Mean Meridional Altitude,... 

... 37 

38 

26 

Eefraction and Parallax, ... 


— 

63 

Corrected Altitude, 

... 37 

37 

33 

©’s South Declination, ... 

21 

65 

34 

Sum, 

... 69 

33 

7 

Latitude, 


26 

63 


What has been said regarding the sun is likewise applica- 
ble to a star. Suppose an altitude is talcen to the latter in the 
same ’manner as the former is directed to be observed. This 
altitude being cleared of index error and refraction, and tlien 
if necessary reduced to the meridian, the latitude may be de- 
duced therefrom in the same way as in the case of the sun. 

The observations we have described above as leading to the 
determination of the latitude of a place, whether made on the 
sun or a star, are supposed to be taken on, or near the meri- 
dian. There is a method, however, whereby the latitude may 
be deduced from an observation on Polaris (a Ursm Minoris) 
made at any time without reference to its position with regard 
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to tlw meridian line. The elements required in this deduction 
are, 1st. Tlie time of the observation, and 2nd, The observed 
altitude ; and ivhcn theso are forthcoming, the necessary com- 
putation may ho easily made by the aid of the rules and tables 
given in the Nautical Almanac, to which the reader is refer- 
red for further information on the subject. The method is 
simple and may be practised with great advantage in the Re- 
venue Su^^ey. 

"Whenever, however tbo meridian line can be traced, the ob- 
servations made thereon for the determination of latitude would 
bo prcferablo to all others both in point of accuracy and faci- 
lity of reduction. These observations may bo made with a 
Theodolite in this way. Place the instrument in the plane of 
tbo meridian, and taho tho altitude of ten or twelve stars so 
selected that half tho number may bo sitnated to tho North, 
and half to tho South of tho zenith, none being further off 
than IS® from that point The observations must be continued 
for a week or ten days, the face of the instnimcnt being re- 
versed after each observation during the night, at the same 
time t.'iking care that the same star is taken on opposite faces 
on two successive niglits. The latitude resulting from such 
data would he as trustworthy as could be desired. 

Suppose after the completion of the observations it is dis- 
covered that the TijcodoHtc was not adjusted to the meridian, 
but was set in a plane which wasinch'ned thereto by a small 
angle which uc shall designate by «A. It is evident that in 
such a case tho obsen od altitudes are not meridional altitudes. 
To make them meridional however, a correction of the follow- 
ing form will only require to be computed for each star, and 
ndilwl to tho observed elevation, — 

CO* X CM n 
2 CO* I" 

In vvliich c\prcssioii \ stands for the approiimafo latitude of 
tho place, d for the stars declination and <i for tlie observ'ed 
altitude, the resulting correction i/' being in seconds. 



Arf'illit r f„t’ iV't/'niiininf' fho lafitudo of a 

j4 5*’f* i»y Snf.uif? tlii' fl'-vatiorK of a ciriniinpolar star at its 
r a’ld |.iv. (T V» j)fn stiHi oli'crvalions arc 

laa'i**, halt tn<‘ ’ uia *})•> <'l*>vri{ia!K. olcarc'l of index error and 
l•dfarti<>n v, ill L * tlif' jrUittidc iv'|uirt"1. 'Dns is a method 
h<»v. •'*, »T v. nadi rnrujiit ahvav'. he c'lnveniVnflv* practised in tins 
e.runtr!. , »/?} rn’o>nri* of the rniall itUitudo of the circumpolar 
Lit lit si% luv. rr int'ridion.'tl p.r’-aye, v/JicJi it %vilj be often 
itiv.-lvr i in thn mi 't uhich surriunuis the lionV.on. 

oh < rvattan , «»(' tiiis nature (he Kenccting Circle is an 
iji'trnunnt v. hteit i* (V*’ (U<mtly cinjjjoyed in India as possess- 
iii;' V., ry ? up‘ Her qualific': over the Sextant, but wJiicli 
b.iviny bi-'-n iindvt'rt^'ntly omitted to be noticed in its proper 
plaec ill Part ‘J, the io)lo'(vin/^/le.icri])t)on of its use and adjust- 
nse.nts ]•; taheji fnnu Simms on Matliematlcal Instruments.” 


TltOUGIITOX’rf lti:n.i:CTL\G CinCLE. 



The above fiRiire represent-; this instrument, which in principle and use is 
the siune us tho"sextunf. It bus three vernier readings, A B C, moving round 
the sumo centre as the index-glass, B. vvhich is upon the opposite face of the 
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imtrumont One of the vcrniiw, B, cumes tho clamp and tangent screw 
D represents the miseroscopc for reading the rcmiers , it is similar to the 
one used In reading the sextant, and Is adapted to each indoK-bar, by slipping 
It on a pm placed for that purpose, as ahoivn m the figure The horizon- 
glass is shown at F. The barrel, G, contains the screws for gmng the up- 
and-down motion to tho telescope , it is put m action by turning the nulltd 
head under tho barrel. II Is the telescope, adapted to tho instrument in a 
manner sumlat to that of the sextant I and J are two handles fixed 
parallel to tho plane of the circle, and a third handle, K, 15 screwed on nt 
riglit angles to that plane, and can bo transfi-rred to the opposite face of the 
instrnmcnl by serening it into tho handle, I , tho use of this extra handle 13 
for convenience In reading and in bolding the instrument, when observing 
angles that arc neatly horizontal , it can bo shifteil, according os the face of 
the instrument is held upwards or downwards Tho requisite darh glasses 
arc attached to tho framework of the circle, to he nsed m the same manner 
and for tho aama purposes as those of tho sextant M ith respect to the 
adjustments and application of this instrument, we cannot do better than uao 
tho words of tho micntor, Jlr TcoccnroN, contained in a paper which he calls 
'* iJif€c(i<JTu/or oftrcrcia^ vtth Trouf^hton't Kejlect^g Orcle 
“ Frcpare tho instrument for observation by screwing the telescope into its 
place, oiljastiog the drawer to focus, and the wires parallel to tho piano 
exactly os you do with a sextant also set the index forwards to tho tough 
distance of the sun and moon, or moon and star , and holding tho circle by 
the ahort handle, direct tho telescope to the fainter object, and make the con 
(act in the usual waj Kow read off tho degree minute, and second, hy that 
branch of the index to which the tangent screw is attached , also, the mmutc 
and second shown by tho other two branches { these giro tho distance taken 
on three difllrcnt sextants , but as yet, it is only to bo considered as lialf an 
cli^rratloQ wiiat remains to bo done, u to completn tho whole circle, by 
measuring that angle on tho other three sextants Thereforo set the index 
back* ards nearly lo the same distance, and reverse tho plane of the mstru 
Went, by holding It by the opposite handle, and make tho contact as above, 
an 1 read off as before what is shown on the three several branehes of the 
index. The mean of all six, ts the true apparent distance, corresponding to 
the mean ofthe two times at winch the observations were made 
“WTien thcoljccts are seen very distinctly, so that no doubt whatever 
ntrsaln* about the contact in both sights being perfect, Uie above may safely 
Ii»rehfdona«scompKtc60tj bntif, from the haziness of the air, too much 
m ibon, or any other cause, the ol serrations have been rcmlerwl doubtful, it 
will bo adTUahle (o nuke moro and if. at such times, so many readings 
should be deemed troablesowe, six oburvations, and six remhngs may bo 
f«n Ittcted m the runner f Uowmg Take ihao snorexsive sights f »r« ards, 
txsrth a* w time with as- xtant, only ule carv to reml themoffondinirint 
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blanches of the index : also make three observ’ations backwards, using the 
same caution : a mean of these will be the distance required. When the 
number of sights taken forwards and backwards are unequal, a mean between 
the moans of these taken backwards and those taken forwards will be the 
true angle. 

“ It need hardly be mentioned, that the shades, or dark-glasses, apply lilte 
those of a sextant, for making the objects nearly, of the same brightness ; 
but it must be insisted on, that the telescope should, on every occasion, be 
raised or lowered, by its proper screw, for making them perfectly so. 

“ The foregoing instructions for taking distances, apply equally for taking 
altitudes bj-- the sea or artificial horizon, they being no more than distances 
taken in a vertical plane. Meridian altitudes cannot, however, be taken both 
backwards and forwards the same day, because there is not time : all there- 
fore that can be done, is, to observe the altitude one way, and use the index- 
error ; but even here, you have a mean of that altitude, and this error, taken 
on three different sextants. Both at sea and land, where the observer is 
stationary, the meridian altitude should be observed forwards one day, and 
backu'ards the next, and so on alternately from day to day ; the mean of 
latitudes, deduced severally from such observations, will be the true latitude ; 
but in these there should be no application of index-error, for that being 
constant, the result would in some measure be vitiated thereby. 

“ When both the reflected and direct images require to be darkened, as is 
the case when the sun’s diameter is measured and when his altitude is taken 
■with an artificial horizon, the attached dark-glasses ought not to be used : 
instead of them, those which apply to the eye-end of the telescope -will answer 
much better : the former having their errors magnified by the power of the 
telescope, wiU, in proportion to this power, and those errors, be less distinct 
than the latter. 

“ In taking distances when the position does not vary from the vertical 
above thirty or forty degrees, the handles which are attached to the circle are 
generally most conveniently used ; but in those which incline more to the 
horizontal, that handle which screws into a cock on one side, and into the 
crooked handle on the other, ■uiU be found more applicable. 

“ When the crooked handle happens to be in the way of reading one of the 
branches of the index, it must be removed, for the time, by taking out the 
finger-screw, wliich fastens it to the body of the circle. 

“ If it should happen that two of the readings agree with each other very 
well, and the third differs from them, the discordant one must not on any ac- 
count be omitted, but a fair mean must always be taken. 

“ It should be stated, that when the angle is about thirty degrees, neither 
the distance of the sun and moon, nor an altitude of the sun, with the sea 
horizon, can be taken backwards ; because the dark-glasses at that angle pre- 
vent the reflected rays of light from falling on the index-glass; whence it 
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becomo? ncccmry, when the angle to be taken is qtuto unknown to ob?erre 
forwards first, sshcro the whole range is without interruption , whereas, in that 
backwards, jou will lose sight of the reflected Imago about that angle But in 
such distances, where the sun is out of the question, and w hen his altitude is 
taken with an artificial horizon, (the shade being applied to the end of the 
telescope) that angle may be measured nearly as well as any other j for the 
raj s inci lent on the index glass will pass through the transparent half of the 
horizon glass, without much diminution of their brightness 
“ Tlic ailrantoges of this instrument, when compared with the sextant, aro 
chiefly t!ic«c the obsonrations for finding the index error are rendered use- 
less, all knowledge of that being put out of the question, by observing both 
forwards and backw'ards. By the same means the errors of the dark glasses 
are also corrccteil , for, if they increase the angle one way, they must diminish 
it the other way by the same quantity This also perfectly corrects the 
errors of the horizon glass, and those of the index glass very nearly But 
w hat IS sill! of more consequence, the error of the centre is perfectly corrected, 
by reading the three branches of the index , while this property combinedwith 
that of obitning both ways, probably reduces the errors of dividing to ono 
sixth part of lUcir simple i aluc Moreover, angles may bo measured as far as 
ono hundnd and fifty degrees, consequently the sun s double altitude may bo 
observed when his distance from the zenith is not less than fifteen degrees ,at 
which altitu le (ho head of the observer begins to intercept the rays of light 
incident on the artificial horizon , and, of course, if a greater angle could bo 
measnred, it would be of no use in this respect 
** This instrument, in common with the sextant, requires three adjustments 
First, the index-glass perpendicular to the plan© of the circle. This being 
done by the maker, and not liable to alter, has no direct means applies! to the 
purpose it is known to bo right, when, by looking into tho index glass jou 
see that part of tho bmb which is next you, reflected m contact with the op 
^site Side of the luab, as one coottnucsl arc of a circle on the contrary, when 
the arc appears broken, w hero the reflected and direct parts of the limb meet, 
it is a proof that it wants to bo rectified. The second is, to make the horizon 
glass perpendicular This is performed by a capstan-screw, at the lower end 
of the frame of that glass , and is known to be right, when, by a sweep of the 
index, the reflected image of aay object will pass exactly over, or cover tho 
imagt of that oljecl seen directly The third adjustment is, for making the 
line of collimatioa parallel to the plane of the circle This is pcrforroed by 
two small screws, which also fasten the collar into which the telescope screws 
to ti eupnjilstcm on which it is mounted { thLS is known to benght, when the 
son and moon, having a distance of on© hundred and ihiftv degree* or more 
thrr limb* are brougf t in contact, just at the outside of that wire which ts 
next to the nrclc , an i then exaznming if it be the same just at ilm ontsile 
of tl e otlKT w r> it« U mg «>> i« th proof <f a!ju<tment 



CHAPTER IX. 


On Longitude. 

The Longitude of a place may be defined to be an arc of 
the equator intercepted bet\A^een the first meridian, and that 
passing tlirough tlie given place. The selection of the first 
meridian from wliich longitudes are measured, is entirely ar- 
bitrary. The English use the meridian of the Royal Observa- 
tory at Greenwich as the first meridian, and reckon all 
longitudes to the east and west thereof. On the other hand, 
Ze 'premier meridien of the French Geographers passes through 
the Paris Observatory, which is 2° 20' 15" east of the former. 

The longitude of a place is as often given in space as in 
time, the reduction of one measure to the other, being made 
at the rate of 15° an hour. Thus the longitude of the Dome 
of the Government House in Calcutta may be indifferently 
stated at 88° 23' 27" or 5h. 53m. 33‘8s. east of Greenwich, 
and in this proportion of space into time, the Tables in' 
Chapter II. have been constructed. 

The reason of reckoning the longitude in time, is this ; sup- 
pose of two places A and the time at A is given, it is 
required to determine the corresponding time at B. This is a 
problem of great astronomical importance, and when the differ- 
ence of longitude between A and B is given in time, it may 
be easily solved in this way ; According as B is to the east 
or west of A, add the difference of longitude to, or subtract it 
from, the given time at A, the sum or difference so obtained, 
will be the required time at B. Thus when it is 7h. 22m. 
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403. r. 31 . in Calcutta, it be lli, 29m. 6*2s. p. m. at 
Greenwich. 

On the converse operation to this process, are based the 
astronomical methods of determining tlie longitude of a place. 
For instance, if at any moment, the times at the stations A 
and B are known, the difference between them is the differ- 
ence of longitude souglit, B being oast or west of A according 
as tlio time at B is greater or less than the time at A. The 
time at i?, the Observers station, being found by any of the 
methods laid down in the preceding Chapters, that at A or 
tlic first meridian, is the required clement in the determina- 
tion of the problem. 

These principles being premised, wo cannot do better than give 
the roIIoi\ing memoranda of instructions furnished by the 
Astronomer Royal ^Ir. Airy, to the Officers deputed to mark 
the boundary between the British Territories in America and 
the United States of America; which instructions duly carried 
into offbet, will give the longitudes of places with the ac- 
curacy required for all ordinary geographical purposes. 


OBSERVATIONS FOR TIIK ABSOLUTE LONGITUDE 
OF STATION. 

On tho Boumlary Survey these were detcnnjnod entirely tiy observin'^ tlio 
franiiU of the rooon, and moon cwlroinatinj stars. No other zaetliod m equal 
to It for accuracy and simplicity combined. Tlioush this prored to bo tbo 
case, the Wlowinf paper ctjnslnictions, given by 3ilr Alr^, tbo Astronomer 
Roj-al. is *o valuable, that U is considered right to insert the ir^«*ofit. as it 
cannot fail to bo ofiervieo to all « ho have to malo observations for longitude. 

OWreationt for (Jfe Ah*olute Longitvile rf cne Station. 

1 TheobserrationsappIjcaUelothisdctennmationwiUbcthofoUowtnn' — 

(o') Distances of the moon from the sun, or a star 
(^) Transits of the moon 

Zenith distances of the moon. 

(c) OceultatioDS of stars by the moon • 

• In former times, tbe lunar and solar eclipses Cparticularly the former) were 

mstiense of to determine the longtinde of a place,— but these not b<in''fus- 
cvptibV of accurate ol/serratioas are no longer ujctl for this purpose. Tlio 
Wide of mahing obscnrati.m on these Ph. noaicna are well explained in the 
IVnni Culop<r>l,a “ Arl.c!”* Lonmiude.** 
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(e) Eclipsos of Jupiter’s satellites, 

2. (a) Lunar distances. — It is necessary to combine Avitli these, observa- 
tions of the zenith distance of the moon, and of the sun, or star ; and the fol- 
lo^ving order will probably be found best for observation. * 

Several lunar distances to be taken with tlie utmost accuracy (noting the 
time of each by the standai'd box chronometer, whose error can be found by 
transits on the same evening.) 

A zenith distance of the moon (noting time) which needs not to be very 
accurate. 

A zenith distance of the star (noting time) which needs not to be very 
accurate. 

Several lunar distances. 

A zenith distance of tiie star. 

A zenith distance of the moon. 

Several lunar distances. 

Taking the mean of each group of distances, and then the mean of those 
means, and the means of the corresponding chronometer times, it will be easy, 
from the observed zenith distances, to deduce the zenith distances at these 
same times ; and thus all of observation is completed. 

3. Eor the ’reduction of those distances, the accurate method only should 
be used, 

4. It must be borne in mind that, on any night, observations ought to be 
made of distances from stars on both sides ; that particular care should be 
taken to make the star sweep on the moon’s limb ; and that observations 
should be made after full moon as well as before it. In using the sextant the 
index error ought to be determined as near as may be to the time of observa- 
tion. In using the reflecting circle, the three verniers should always be read. 
In using the repeating reflecting circle, the two verniers of that arm which is 
read should always be read. 

5. It mil probably be best to defer the reductions of the observations. 

But if there is leisure, you may proceed with the following cautions, some 

of which are not usually considered by nautical computers. With the Green- 
wich time, by account, compute the moon’s “ Horizontal Parallax,” from the 
Nautical Almanac (which is equatorial horizontal parallax) and “semidia- 
meter” (which is geocentric semidiameter). 

Por the spheroidal form of the earth, multiply the equatorial horizontal 
parallax by 1— e sin« latitude, or diminish it by the part expressed by eXsin“ 

latitude (which in the boundary latitudes wiU not sensibly differ from part, 

or 5" to 6"), and you have the true horizontal parallax, to be used in every 
part that follows. 

Multiply the geocentric seniidiameter by 1 cos moon’s zenith distance X sin 
horizontal parallax, and you have the augmented semidiameter, to be used m 
every part that follows. 
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Ap^sly the augnunteJ seinnliamelcr (and aUo the siin’a semidiJincler, if the 
«Qn MIS the other object,) to the ob'^erred distance, additirely if the ncari'st 
limbs s\ ere ohsen cd, snbtractircly if the opposite, and you hare the obsen ed 
distance of centros Call thus 2? 

To the moons obsen ed zenith distencooflimb apply tho augmented scirn- 
iliamcteT, and jou have the observed remth distance of moon’s centre 
To take into account fully tho spheroidal form of tho earth, compute tho 
“ angle oftbo centre ’for the place by the lomula 11 25' X sm ’latitude 
(nhich for the boundary latitudes mil not sensibly differ from U' 25*), and 
diminish the moon's zenith distance by angle of the centre X cos azimuth from 
south, or increase it by angle of the centre X cos azimuth from north (if tho 
sun be north ofthc cast or nest) When the zenith distance is so altered, 
rail It J! 

Do the same for sun’s ccntreandcalllhcresnU 4' If tho other object wero 
a star, ^ is simply the zenith distance, affected by angle of the centre X cosmo 
of azimuth 

C Tor the icaiih distance add the refraction computed ns usual, and 
(if tho sun) subtract the parallax conput cd by the formula 8' 7 sin and 
the result is true zenith distance of sun or star Call this ^ 
lor tho zenith distance r, odd the refraction computed as usual, and sub* 
tract the parallax computed by the fonnube, true horizontal parallax X 
and the result is true zenith distance of moon g centre Call this y 
7 Tlicn the computation for the true distance of centres, or />', is this — * 


1 ■ ■ - .sin , 8m s', sin ^ 


Slake cos * ^ * 


n»=' + ^ 


sia s. Bin 4 " 


rv s'4' f 
Then sin — *=9 sm im p 


ThU form of cslculation is accurate 

P IVhcn the corrected distaore of ccnicn ts thus obtained, it is to U. 
compared siilh the distances pven for every three hours in the Xaulical 
Almanac, and bv taking proportional parts among them, the Greenwich mean 
oolar time will be found. Then I recommend that this Greenwich mean solar 
time be converted Into Greenwich sideral time, and the difftrenco between 
this and tho iidiral time of obserration at the place will be the longitude of 
the I lace 

9 (/5) Transits of the ttoon }— a very airople and tolerably accurate 
mrthej j bat as only abojt eight obserratioas can (usually) be taken m a 
ta i-lb, and OS the moon can U. obserred at no time but on the mendian, it 
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vrill not bo safe to reU' upon it, exoopr in a resilience of many raoiulis' con- 
tinuation. 

10. The process of observing is simply to place the transit instniment in 
gooil adjustment, and to observe transits of tbe moon’s briglit limb, of clock 
stars, and of stars given in the section, “TEoon culminating stars" of the 
Nautical Almanac. Then, inferring the clock error either from the clock stars 
or from the moon culminating stars, and applying this clock error to tite ob- 
served time of fransit of tbe moon’s limb, you have the right ascension of the 
moon's limb at passage. 

11. To compute from this the longinide. Eirst it must be remarked, that 
in the section of the Nautical Almanac, the right ascension of the bright limb 
,onIy at transit at Greenwich is given ; but, as tbe dumtion of semidiameter's 
passage is given, by adding or subtracting twice tins quantity, yon may obt.ain 
the right ascension of the other limb at transit at Greenwich. Thus in the 
following comptitations yon nrill be able to collect right ascensions at Green- 
wich transit all for the 1 Z, or all for the 2 Z, according as the 1 Z. or the 
2 Z is observed at the place. Having formed these, (if necess.ary) take the 
right ascension for the Greenwich transit corresponding to the observation, 
for the preceding day, for the following day. and for the lower passages which 
fitll between them ; place them in proper order, and take their differences as 
'far as the fotirth difference — thus: 

Differences. 



1st, 

2nd. 

Srd. 

Frecediug day, -d. 

A' 



Lower passage preceding. A 

_t 

A' 

A' 

A" 

Corresponding day, ... ... A 

0 

A' 

Q 

Lower passasre’followinsr. --d 

A' 

A' 

t 

A"' 

0 

Following day. A 

A' 

j 



4(h. 


A"’ 


Form the coefficients c = 


A'-f A' - 



A'-f A' 


,, .. — 2 

Then the right ascension of moon s limb at transit in west lonptnde Z will be 

-4 + iX(5|)+ = X (,4)’ + ''^ (4r)'+"^(ll)' 

!>■> the lonsritnde of the station by account wih not be greatly in error, 

the easiest metboil will probably be to assame two values for Z. one fr e 
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minutes greater, and the other five minutes less, than tlio longitude by account 
(or ss hen more accurately know u, one one minute greater and one one minute 

less) Tlio k*garithms of &t, for tlicao two salues can be prepared and 

will a!wa)s be ready Thin compute from the last formula the right asccn- 
fion on each assumption, find Hit change produced by ten minutes or two 
minutes of longitude, and find by proportional parts what alteration must be 
applied to tilt smaller longitude, in order that the right ascension by formute 
laaj agree with right ascension bj observation in 10 
Vrnr OPEAT CAiiE must be nsed throughout this operation, to apply the 

8TR1CTI.T ACCOnntNO TO TltC TtLES Or ALCEBttA 

13 ^ Longitude b> rtnith distances of the moon- Tbisisaver^ good 
method, provided the obscrrations be made not very far from C‘ sidereal time 
(whatever ma^ be the season of the year) It would fail if the sidereal time 
were near 16* 

Tims m spring (equinox) the most favourable time of day would bo an 
hour or two before or after six m the afternoon 
In summer (solstice) an hour or two before or after noon 
In autumn (equinox) an hour or two before or after six in the tnoniing 
If! winter (solsturc) an Icour or two beforo or after nudnrghf 
The age of the moon IS of little importance, provilcd that sometimov the 
preceding limb, and sometimes Iho follow mg limb, is observed 

14 Tor the observation I recommend that the altitude and oaimuth 
insimroeni l«> w'ell adjuttetl, and that the transits of the moons bmb, in its 
sloping upward or downwanl motion, bo observed overall the horizontal wires, 
an 1 that the mean of dies times of transit be held to apply to the observa 
ti m on the mid lie honzontvl wire (If u is certain that the wires are truly 
horuonaU the instrument should be kept unmovtd, if this is not certain, the 
honsontal tangint 5i.rciv should be used to m4kc the moon pass each wire at 
Its mid lie ) Then read the microscopes and levels reverse, and do Iho same 
oejxiiu Tims the apparmt zenith distance of bmb wUlba l.wswm. w-a’a ^Vi. 
aecuraci at a certain chronometer time. The chronometer error being ascer 
tsini 1 from obscrralions of slar^, the sidereal tunc will bo known 

15 Conpute the refraction and the parallax (the latter by the formuls, 
true hinzontsl parallax X smt apparent zenith distance of limb, corrected bj 
the quantitv angk of ctnin* X cosme azimuth), and applying them to thf* 
aj pannt zenith dwtance of limb (ad bng refraction subtracting parallax) you 
hive gvonntncitnuhdKtanee of limb Applj to tins the smidjamotcr as 
taken fno die Naotical Almanac, and not augmented, and jon have Ibo 
groerntrw t niib d stance of centre 

If The longitude by acroontbung nearly known, assume two lori'ntudcv 
one prestrr anl ritele,». 1 or each asstnapUon npplr the longitude to the 
ft Irrrsl Isme st the place, which pves thi si leml time st Grecawjrli. Coa- 
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vert this into monn solar Itae at Greemvich , with this mean soiar time and 
ti>e houriy ephomeris of the Nautieai Almanac, compote Hie moon’s right 
ascension and n. p. d. by simple proportion of the hourly change. Then pro- 
ceed to find the Jionr angle, exactly as if it were a star, using the geocentric 
zenith distance of centre, the colatitude of the place, and the x, p. p. just com- 
puted. Apply the hour angle to the right ascension, and thus obtain the com- 
puted sidereal time ; obtaining two computed sidereal times from the two as- 
sumptions of longitude, you will find (as in other cases) what correction must 
be applied to the smaller longitude, in order to make the computed sidereal 
time agree with sidereal time at the observations of the moon. 

17. (^.) Longitude by occupations of stars by the moon. Suppose the 
disappearance of a star behind the moon, or the reappearance of a star from 
behind the moon, has been observed, and the chronometer time noted (the 
calculation is precisely the same for disappearance or reappearance). Correct 
the chronometer for its error, and thus the true sidereal time at the place 
is found. 

18. Assume two values of longitude, one greater and one less than the 
reputed values, and by applying these to the sidereal time, form the sidereal 
times at Greenwich on the two assumptions, and convert them into mean solar 
times at Greenwich. With these mean solar times compute (by the hourly 
ephemeris) the right ascension and n. p. t>. of the moon’s centre on each as- 
sumption ; also the equatorial horizontal parallax and the semidiameter, and 
from the equatorial horizontal parallax obtain the true horizontal parallax 
as in 5. 

19. The latitude of station to he used in the following computations is the 
geocentric latitude, which will be found generally by diminishing the astro- 
nomical latitude by the angle of the centre, and which in the boundary lati- 
tudes, viz. 45° to 48°, will he found by diminishing the astronomical latitude 
by 11' 25". 

20. Take from the Nautical Almanac, section occultations— elements, the 
right ascension and k. p. d. of the star whose occultation has been observed. 
From the right ascension and time find the hour angle. Put & for the hour 
angle and B for r. Then determine a new right ascension, g’, and a 
new N. P. P., S', the following equations,; — 

Q g/ sin 0 X true hor. par. X cosine latitude 

_ , sin S' ' 


, sin2 X sin 0 X true hor. par. X sine latitude 

® ■ ~ sme|(0-ffl') ■ 

and No - (9-e')Xoino(8+8'-180'’) 

3taii*(e+r) 

S — S' = 1st No. -h 2nd No. 
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21 Tlicsc c-qnations arc to bo solfcd by rocccssirc substitution Twosub- 

stitutions wiU usually bo suHicicnt Thus— first assume S' lobe tbesameasc, 
ond from llio firstcquation determine ff Usctlusin tbe tuo other equations, 
and 3 ou o.iU got 1st No , 2nd No , and J, %cry ncatl3 Use this nen raluc of 
5 m the first equation and 30U mil get 0—0 much more accurately then 
by means oftho other two, o' can be got still more accurately, and so on 
again if you think fit, 

22 It ith this new hour angle. O'* sidereal tune, determine a new 

right ascension , then calculate the following quantity — 

Computed semidiamcter of moon — 

^ ^ ^ r D of moon's ccntro"| * 

+ sino Bla^ r d ofmoon’s centre, new n, a — it. a ofmooiiscentre'| *j. 

Tins IS to bo computed on the two assumptions for longitude (winch hate 
gi\cn two Tight ascensions and N r v of moon a centre) 

23 The computed semidiamcter ought to agree with the Nautical Almanac 
semidiamcter found in 18 If neither of the two assumptions of longitude 
makes it do so, one of them must bo altered by a proportional part of their 
difTtrrncc, found m the same maancr as m other cases where two longitudes 
are tried. 

2< (1) Longitude b) eclipses of Jupiter s satclbtes— a rery rough me 

thod. Tbe observation u merely to note tbe last instant or the first instant 
(aceonliBg as it is disappearance or reappearance) of the satclLtc The com- 
putation is merclj to correct this for chronometer error, so as to obtain side- 
real lime, and to compare this with the Greenwich sidereal time given m the 
Nautical Almanac 

2'> In reganl to the cfTi'Cts of errors of observation tin. follow mg remarks 
fchoul 1 1)0 borne tn mind — 

A certain error of time m taking a lunar distance produces that same error 
in the doilucod longitude An error m th** measure of one second produces 
about two seconds of time in the longundc 

An error of one second of time In 0 lunar transit produces about thirty so 
ron Is error in the longitude 

An error of one sm-n i of time in a lunar senith d«taneo will produce at 
/cojt thirty seconds of time error 10 longitude, sometimis considerabl; more 
An error of one seeon 1 in amth distanct produces ot feost Iwosecondsoftime 
m longitude, somttiinfs considirably more 

An error ef one stcond of Umc in an oecultalion produces one second of 
tjme la the 

T1 e same m tie ebscrvalicns of tcbpv^s of Jupiter s satellil<-s. 

In ill. tratica of it opart (j’5) irannts tfihe the f Homing ibsirva 

4 T 
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tions and calcnlations, made at the station of Lake iilemphramagog, in Cana- 
da, are given. 

The transits of the stars and the moon’s bright limb, are the mean of the 
five wires without any correction (wliich is unnecessary) for azimuthal error. 


LAKE jMEJIPHRAJIAGOG, 1845. 
Calculations for Longitudes from observed Lunar Transits. 


Values of - 

- ( 

L 

) &c., assuming the Longitudes at 4h. 48m. and 

4h. 49ni. 





sr. 




M. 

/ Z \ 288 Log. 

\i 2 Sy) 720 “ „ 

288 

= 2-459392 

/ Z \ Log. 

289 = 2-460897 

720 

=. 2-857332 


720 = 2-857332 



T-602060 


T-603565 

/ L\- 



/ Z \ = 


(12") 


... 1-204120 







/ Z \3 


(12") 


... 2-806180 

(12O 

2-810695 




... 2-408240 

(il)‘ = 




August 14, 1845. 


IX Sagittarii. 


A. S. C. 2125. 



n. M. s. 


H. IT. S. 


H. M. S. 

Tt. 18 14 49-46 

Tt. 

18 30 41-1 

]) I’s Transit 

19 23 47-18 

E. A. 18 4 33-87 

E.A. 18 20 25-89 

Chron. fast 

10 15-40 


10 15-59 10 15-21 D’sE. A. at Passage, 19 13 31-78 

10 15-21 


2) 80 
10 15-40 

Preceding Day, 

Lower Passage Preceding, 

CorrespondingDay, 

Lower Passage PoUowing, 
PoUon-ing Day, 


n. 

M. 

. S. 






17 

55 

40-57 

M. 

s. 






+ 

32 

31-50 

S. 



18 

28 

12-07 



— 6-52 

S. 




+ 

32 

24-98 

— 

-11-43 

S. 

19 

0 

37-05 


- 

-17-95 


+ 2-10 



+ 

32 

7-03 


—9-33 


19 

32 

44-08 


- 

-27-28 





> + 

31 

39-75 




20 

4 

23-83 







= + 


d = 


c = 


24 

A" + A" 
-1 o_ 

12 

A" 

g 

2 

A' + A 
o 


2-10 


= + 

20-76 

12 


-087 


= _ 1-730 




17-95 


s. 


. e = — 8-975 — ( -f- -087) = — 9-062 

S. M- S. 


1 _d— + — d=-k32 16-005— (—1-73)=+32 17-735 

2 “ — ^2 60 

1937’-735 
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0 37*05 R-A-se 

4-1037 735^*3*287234 
Tc020CO 


It 6 

0 3705 

b=3-287294 

rc035G5 


^ i « 4- 0 12 SS-OO «= a 8893S4 + 0 12 57-78g 2 S90350 
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“201120 r20713Q 
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— 0 0 011 1'01422G — 0 0 011=1018741 

4-0 0 0-00 Ot)37=» • +00 000 2 


+ «i 




13 13 ao-as 



\3 \3 a3*26 

1 n. A. nt 10 13 3118 r»s 8 iis<!. 



0 0 0120 



0 0 02 C3 


fi 

g 

s 


2C8 

CO • 

J-CO 



120 







2-C9) 

ts-oo 

(26 80 


— — 

53 c 

— 



1640 




1C09 


|{ If • 


— - ' 


4 49 0 


■2320 


0 0 33 8(3 


2144 


4 49 SC-SC 


1?C0 



If M 

4- 


Lonjpludi- 

^ 4 49 

2C-SC* 



In addition to the foregoing mcthoils, it mayhouscfnl to lay 
ilonn the process of determining tlio difTcrcncc of longitude 
between two places by a chronometer. Suppo«o A and B to 
be thc'c two places. j\t A find the error and rate of the 
chronometer, and then transport it to li. At the latter station 
tahe a tin^ oWrsation snUH the same chronometer; the time 
at li being Knonn, and tint at A being deduced from the in- 

• rrc?3 ll«* CcTps rs;^"i jrnd Mmert otj MtLta*y of tfc? Hojfcl 

»sJ Ewi I%i-» C -cintsj-'* Ecgiaw^ «!. L, fp. 311, 31® 
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(licatloii of the chronometer, tlic tlifferonce betu^eGii tliese two 
elements is the (liffercnce of the longitude required. 

Ill practice wlicn a clirononieter is carried over-land, it can- 
not 1)0 relied upon in furnishing a very accurate difference 
of longitude between two places, as its rate becomes liable to 
irregular variations from the jolting, attendant on its transport. 
But the uncertainty which arises from the employment of one 
chronometer may often be got rid of by the use of several, 
when the mean of all the results may be assumed as the true 
difference of longitude, between the two stations of observa- 
tion. 

In ex'ploring new countries, or in accompanj'ing armies on 
a foreign expedition, the time, necessary for making longitude 
observations, cannot be spai'ed: in such cases the difference 
of longitude between two places may be determined by means 
of a route survey combined with Azimuth observations in the 
following manner : 

It ought to be premised that the object of such a survey is 
not so much to lay down the road, as to fix with accuracy the 
positions of distant places ; with this view the stations selected 
along the route, should be as few as possible, and not less than 
one mile apart. The line of the road may be followed when- 
ever stations can be fixed thereon fulfilling these conditions. 
But as this is a circumstance which is not always obtainable 
in practice, the road sometimes deviating from a straight 
course, and passing through towns which obstruct a distant 
view in front : the trace of the route in such cases may be 
carried out of the direction of the road, so as to pass clear of 
the obstructing towns, which, if required, may be connected 
wutli the trace aforesaid by offsets, or by subsidiary routes 
executed with different or inferior instruments. 

There ought to be at least three perambulators for executing 
the linear measurement, their errors being previously ascer- 
tained by rolling them over a distance fixed by a trigonometrical 
operation. Two perambulators wmuld be insufficient, for in 
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case discrepant results occurring, they will remain unaccounted 
for, tlic perambulator wliich lias gone wrong, being detectable 
only by the employment of a third. At the comTneuccmcnt of 
the survey the perambulators being set to dissimilar readings, 
they will read dificrcntly all the way, and thus prove an 
cficctivo check on tho erroneous reading and noting of the 
distances. 

A 7-inch Theodolite will be the best instrument for making 
the necessary angular measurement 

Tho distances and angles of the routo will require to bo 
measured according to tlie method of tlio Hay Trace Survey. 
In addition to these measurements it will be necessary to take 
latitude and Azimuth observations at the origin, and in tho 
vicinities of laigo towns, which arc about one degree or sixty 
miles asunder, and also at tho terminus. With good instru- 
ments both tho latitude and Azimuth in each instance may be 
ascertained with sulTicicnt accuracy in two or tlirco days. 

When all these observations arc completed, tho reduction of 
the routo may bo performed in tho following manner: 

Let A and B be two consecutive stations on the route 
where aslroiiomtcal observations have been made. It is clear 
first that the direct distance from A to B may bo deduced 
according to tho Ray Trace Method; 2nd, that with this dis- 
tance, and the observed latitude and Azimuth at A, the latitude 
of I), tho back Azimuth of A, and the dificrcncc of longitude 
hoinoca .ml M sway ho ccmpvicd ss w Chapter 2S, 

r.irt 3; and that lastly a similar deduction witli reference to 
A, may be undo from the observed elements at U. 

Wjien ilicso deductions are Hnislicd, it will bo seen that A 
and Ji will cacli possess two latitudes, one derived from obser- 
\ alien, .and the other from computation; and tliat likewise 
there will be t«o computeil dificrcuccs of longitude between 
t}ic«c stations. If these results are accordant, it may be taken 
as a proof of tho accuracy of the svork. But as an agreement 
of this l.ini ssill rarely occur in practice, the best mode of 
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dealing tlic discordant data, is to take in every instance 
ilic observed latitudes and the mean between tlie two computed 
difTcronccs of longitude, as the true values of these elements. 

The liniils A and B of the route being fixed, the inter- 
mediate points may be adjusted according to the method 
explained at pp. 381, 383. 

In the Appendix will be found a list containing the lati- 
tudes and longitudes of many well-known fixed places, derived 
from the Great Trigonometrical Survey of India, which will 
afford the best information to the Surveyor, in the prosecution 
of any Survey operations wdtliin the limits of the District 
specified. They have been arranged alphabetically according 
to Districts, and the three Presidencies separately detailed. 
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correcltng Gunter's Chains of \00 lAtiks or 66 Icet. 
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tabu 

For reducing Cham\ 
Calculated.' 


Chains. 

Decimal 

parts. 

10 

20 

30 

40 

50 

60 

70 

80 

j 90 

100 

lie 

1 

0-0125 

0-1376 

0-2625 

0-3875 

0.5125 

0-6375 

0-7625 

0-8S75 

1-0125 

1-1375 

1-2025 

1-3“ 

2 

•0250 

•1500 

•2750 

•4000 

•6250 

•6500 

•7750 

•9000 

•0260 

•1600 

•2750 

■pr 

3 

•0375 

•1625 

•2875 

•4125 

•5375 

■6625 

•7875 

•9125 

•0375 

•1625 

•2875 

•112 

4 

•0500 

•1750 

•3000 

•4250 

•6500 

•6750 

•8000 

•9250 

•0500 

•1750 

•3000 

•i;'.'g 

5 

•0625 

•1876 

•3125 

■4376 

•5625 

•6875 

•8125 

•9375 

•0625 

•1875 

•3123 

. a 

1 ■i’-t 

1 

6 

Kjljll 

•2000 

•3250 

•4500 

•5750 

•7000 

•8250 

•9500 


•2000 

•3250 


7 


•2125 

•3375 

•4625 

•6875 

•7125 

•8376 

•9625 


•2125 

•3375 

•Ki ! 

8 


•2250 

•3500 

•4750 

•6000 

•7250 

•8500 

•9760 


•2260 

•3500 


9 

•1125 

•2375 

•3625 

•4875 

•6125 

•7376 

•8625 

•9875 

•1125 

•2375 

•3625 

•4=1) 

10 

•1250 

•2500 

•3760 

•6000 

•6250 

•7500 

•8750 



•2500 

•3750 



250 

260 

270 

280 

290 

300 

310 

1 320 

I 330 

340 

350 

8G0 

1 

3-1375 

3-2625 

3-3875 

3.5125 

3-6375 

3-7625 

3-8875 


4-1376 

4-2025 

4-3875 

4-5!, ] 

2 

mm 

•2750 

•4000 

•6250 

•6500 

•7750 

•9000 

H 


•2750 

•4000 

•or* 

3 


•2875 

•4125 

•6375 

•6625 

•7875 

•9125 

•0375 

•1625 

•2876 

■4125 

•w” 

4 

BB 

■3000 

•4250 

•5500 

•6750 

•8000 

■9250 

mgm 


■3000 

•4250 

*56' 

6 

•1875 

•3125 

•4375 

•6626 

•6875 

•8125 

•9375 

IH 

•1876 

•3125 

•4376 

.r/j* 

6 

•2000 

•3250 

•4500 




•9500 

BB 

‘2000 

•3250 



7 

•2125 

•3375 

•4625 

•6875 

•7125 

•8376 

•9625 

wm 

•2125 

•3376 

•4025 


8 

•2250 

•3500 

•4750 




•9750 

BB 

•2260 

•3500 


■O''"'' 

9 

•2376 

•3625 

•4375 

•6125 

•7375 

•8625 

•9876 

•1125 

•2376 

•3625 

•4876 

•CIS- 

10 

•2500 

•3750 

•5000 




4-0000 

•1250 

•2500 

•3760 


■625.' 


500 1 

510 1 

520 


540 


560 

570 

580 

590 


CIO 

1 

6-2625 

6-3875 

6-5125 

6-6375 

6-7625 

6-8875 

7-0125 

7-1376 

7-2625 

7-3876 

7-6123 

7 0.73 

2 

•2760 

•4000 

•6250 

•6500 

•7750 

•9000 

-0250 

•1500 

•2750 

•4000 

•6250 


3 

•2875 

•4125 

•6375 

•6625 

•7875 

•9125 

•0376 

•1625 

•2875 

•4125 

•5375 


4 

•3000 

•4250 

•6500 

•6750 

•8000 

•9250 

•0500 

•1750 

•3000 

••4250 

■5500 


6 

•3125 

•4375 

•6625 

•6875 

•8125 

•9376 

•0625 

•1875 

•3125 

•4375 

•6025 

•f45 

6 

•3250 

•4500 

•5760 

•7000 

•8250 

•9500 



•3250 



•700 1 

7 

•3376 

•4625 

•6875 

•7125 

•8375 

•9625 


•2125 

■3375 

•4625 

•6875 

•7i:7 

8 

•3500 

•4750 

•6000 

•7250 

■8500 

•9750 




•4750 

•6000 


9 

•3625 

•4875 

•6125 

•7375 

•8625 

•9375 

•1125 

•2375 

•3025 

•4875 

•6125 

■7377' 

10 

•3750 

•5000 

•6250 

•7600 

•8750 

7-0000 

•1250 

•2500 

■3750 

•5000 

•6250 

•7:-'o 

i! 


750 

760 

770 

780 

790 

800 

810 

820 

830 

840 

850 I 

SOT 

1 

9-3875 

9-6125 

9-6375 

9-7625 

9-8875 

100125 

101375 

10-2625 

10-3875 

10-6125 

10-6375 


2 

•4000 

•5250 

•6500 

•7750 

•9000 

•0250 


•2760 


•6250 

•650'J 

■^1- 

3 

•4125 

•6376 

•6625 

•7875 

•9125 

•0375 

•1625 

•2876 

'4125 

•5375 

•6625 


4 

•4250 

•5500 

•6760 

•8000 

•9250 

•0500 

•1750 

•3000 

■4250 

■5500 

•6750 

♦4'' i 

:.,.j 

6 

•4376 

•5625 

•6876 

•8125 

•9375 

•0625 

•1876 

•3125 

•4376 

•5625 

•6375 


1 6 

•4500 

•6750 

•7000 

•8250 

•9500 

•0750 

■2000 

•3250 


•5750 

•70'M 


7 

•4625 

•5876 

•7125 

•8376 

•9625 

•0376 

•2125 

•3376 

•4625 

•5975 

•7125 


8 

•4750 

•6000 

•7250 

-8500 

•9750 

B 1 ^B 

•2250 

•3500 

•4750 

•6000 

•7250 


9 

•4375 

•0125 

•7375 

•8625 

•9875 

B B 

•2375 

•3625 

•4875 

•6125 

•/2/ 5 


10 

•6000 

•0250 

•7600 

•8750 


! ^B 

•2500 

•3750 

•5000 

•6250 

•70V 

























I Parts of a Mile. 
Graliam. 











































TABLE F. 

Parallax of the Stm 


May 

Juno 

and 

and 

September. 

August.' 




TABLE G. 

For Reversing Angles 


I'l 2' I 3' I 4' I 5' I C'i 7' I 8' I 9' |l0'ill'll2'll3':i4'il6',lG'il7'a8'|19 


69 68 67 6G 































































































































XI 


TABLE 11. 

Comparative Seale of FahrenheiCSf Reaxanur's axxd the Caxtigrade 
Tlxermometcrs. 
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TABLE I. 

For converting Intervals of Sidereal Time into Equivalent 
Intervals of Mean Solar Time. 



Minutes. 


Seconds. 


Equivnlcnts 


Mean Time 


h m 8 

0 69 60-1701 

1 69 40-3409 

2 69 30-6113 

3 69 20-GS18 

4 69 10-8522 
6 69 1-0226 

6 68 61-1931 7 

8 7 68 41-3635 8 

9 8 63 31-6310 9 

10 9 68 21-7044 10 

11 10 63 11-8748 11 

12 11 63 2-0453 12 

13 12 67 52-2167 

14 13 67 42-3862 la 

15 14 67 32-6566 16 

16 15 57 22-7270 16 

17 16 67 12-8975 17 

18 17 67 3-0879 18 

19 18 66 63-2384 19 

20 19 66 43-4088 20 

21 20 66 33-6792 21 

22 21 66 23-7497 22 

23 22 66 13-9201 23 

24 23 66 4-0906 24 



Equiyalcnts 


Mean Time. 


m 8 

0 69-8362 

1 69-6723 

2 69-6085 

3 59-3147 

4 59-1809 
6 69-0170 ' 

6 68-8532 

7 68-0394 

8 58-5256 

9 68-3617 

10 68-1979 

11 68-0341 

12 67-8703 43 

13 67-7064 44 

14 67-5426 45 

15 67-3783 46 

16 67-2150 47 

17 67-0511 48 

18 66-8873 49 

19 66-7235 60 

20 66-6597 61 

21 66-3958 62 

22 66-2320 63 

23 56-0682 64 

24 66-9044 65 

25 65-7405 66 

26 66-6767 67 

27 66-4129 68 

28 66-2490 59 

29 65-0852 60 


Equivalents 


Mean Time. 


m 8 

30 51-9214 

31 64-7576 

32 61-6937 

33 64-4299 

34 64-2661 
36 64-1023 

36 63-9384 

37 63-7746 

38 63-6108 

39 53-4470 

40 63-2831 

41 53-1193 

42 62-9555 

43 62-7917 

44 62-6278 

45 62-4640 

46 62-3002 

47 62-1364 

48 61-9725 

49 51-8087 

60 61-6449 

61 61-4810 

62 61-3172 

63 61-1534 

64 60-9896 

65 60-8257 

66 60-6619 

67 60-4981 

68 50-3343 

69 60-1704 


Equiva- 
lents in 
Mean 
Time. 


Equiva- 
lents in 
Mean 
Time. 


9-9727 

10- 9700 

11- 9672 

12- 9645 

13- 9618 

14- 9591 

16-9563 

16- 9536 

17- 9509 

18- 9481 

19- 9164 
20 9427 

21- 9399 

22- 9372 

23- 9345 

24- 9318 

25- 9290 

26- 9263 

27- 9236 

28- 9208 

29- 9181 


31 30-9164 

32 31-9126 

33 32-9099 

34 33-9072 

35 34-9045 

36 35-9017 

37 36-8990 

38 37-8963 

39 38-8935 

40 39-8908 

41 40-8881 

42 41-8853 

43 42-8826 

44 43-8799 

45 44-8772 

46 45-8744 

47 46-8717 

48 47-8690 

49 43-8662 

50 49-8635 

51 60-8608 

52 61-8580 

63 52-8553 

64 63-8526 j 

65 64-8499 

66 66-8471 j 

57 66-8444 

68 67-8417 

59 68-8389 

60 69-8362 
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TABLE 1. 

For Converting Intervals of Sidereal Time into Lqniiahnt 
Intervals of Mean Solar Time, 
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TABLE J. 


For converting Intervals of 3Ican Solar Time into Equivalent 
Intervals of Sidereal Time. 
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TABLE J. 


For coniertiug Intervals of j\Ican Solar Time into Fqnivalent 
Interiah of Sidereal Time. 
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TABLE IC. 

S/ictctii^ the correction to he apphed to a liaromcier ‘icith a 
Brass Scalcy extending from the Cistern to the Top 
of the Mercurial Co/«wn, to reduce the 
Ohseriation to 32® Tahrcsiheit. 
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For converting the Decimal part of an Acre or Bengal Beegah into its corresponding vahe of Roods and Foies or 

Cottahs and Chittacks. 
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TABLE O. 

Of Sjiim Mrasvre for Bengal Stamtanl Bergah of 14400 Sjuare Fret or 1600 Square lards. 
. Btfgaht h'j Beegahs. 

0 ) 

ifn/* for Tahlft --T«k« oat from T&bl* Ih# nninl 
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TABLE _ . ■( Continued.) 
Becgahs by Chittacks. 
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For Converting Acres into Beegahs of 3025 Square Yards. 

ACRES INTO BEEGAHS. 
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For Comerting Bergnhs ofZQ25 Square Yards tn(o Acres. 
BBFOAirs I’fTO ACBES, 



DI9WA:<3EE3 into poles 
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EXPLANATION AND USE OF THE TABLES. 

Tahle a. 

For Collecting Gnntcr's Chains q/’ 100 Linlts.^ 


In the nso of clmins, they nro found to stretch and unless this quantity is 
most carefully observed dail^’ by comparison with a standard, all the mea- 
surements made will be erroneous and in defect in proportion as the chain is 
too long. Tliis Table, therefore, gives the equivalent in links to be added for 
every inch from one to eleven. 

Suppose a chain to have stretched 4 inches; — then for every 10 chains 
measured, in the column of links opposite 10 and under the heading of 4 
inches, will be found 5‘051 the number of links to be added, to bring the 
chains to their proper standard length, — and vice versa for chains too short 
the same quantity will be deducted. 

Table B. 

For reducing Chains to the Decimal parts of a mile. 


This Table is useful in the protraction of the co-ordinate distances for 
general maps on the Geographical scale. For plotting the latitude and depar- 
ture points from the first station in the series ns given in the main Circuit 
Traverse, the distances require to be divided by 80 for the convenience of 
scale. By the Table this is avoided and the chance of error, by frequent 
small divisions, obviated. Thus ; 

To obtain the value of 345 chains in miles and decimals, look for the even 
tens and hundreds (340) in the top lines of the Table, and for the odd chains 
(5) in the left hand column, at the intersection of these t^vo columns will be 
found 4‘3125 the number of miles sought. 


Table C. 

Showing the length of a degree, minute and second of Latitude and 
Longihide, for every degree of the Quadrant, the compression of the 
earth being assumed 

— - - \ 

This Table, (extracted from Boileau’s Traverse Tables) is calculated by the 
Formulse xliii, page 116, of klr. F. Baily’s Astronomical Tables and Formulae ; 
the compression of the earth at the poles being assumed and the mean 
degree of latitude taken at 364547 feet. The first ten degrees of latitude and 



u 


lonj^ituilo, anil ftflcrwanl^ every finh JeRiw, ntri. computet! bj the rornnila;, 
the intcrmetliatc bem" m by interpolation, by ilifftrencca cam«! 

out os far m such couM be done. Tlie desrccs of latitude arc calculated for 
the latitudes oftlKir mid lie points for instance, the dej^rcc m the Table on a 
line with the number 27, in iho first column, ts that degree which extends 
from latitude 20® 30* to latitude 27* 30', and m lihe manner of the rest. The 
dtgTKS of longitude are computnl for the parallels of latitude cxprosse<l by 
the numbers in the same bne m the column dtsignateil “distance from the 
eipntor ” 

The uso of this Table is to consort the Tabular traserses expressed in 
units of linear measure into their e^imralent values of latitude and longitude 
in nrc t e. in degrees, minutes, etc. for that part of the earth’s surface to 
which the traverses liclong Tor a further description of the use of this 
'1 able, 9iH' pages 3C2, 3C3, etc 


Taclc I) 

7'<ir ruHrerbw" Chains an/t /tutt% into Pict ttnil Decimals 
of Feet 

It frcfjuintl^ happens that measarements made m one denomination re<iuire 
to lecontcricil into their e<imvalents of another denomination, for instsne«», 
route survejs are generally imasurcilwith instruments registenng )ard.s or 
feet , and cirotimstsneos may oceur, and do frcipiently happen, where instni. 
mrnts cannot be readily pMcurtsl, svhich induce the neecssitj of making all 
measurements of every kind m one or other of the above dmominations 
I.«nil sun e^s an*, however, generally made in Gunter’s mtasuroor in links, 
the loooth part of a furlong , and this is the ino«t convenient of all measures 
for dolcnninmg the acreage of any extent of surface , but for gi-ograpbical 
purpf'ses the stamlvnl unit b< mg the Toglish fool, those measurements am 
nif^t conn meat w Inch nrc made in this denoramaUon, the length of degrees 
< f latitude and longitude l>ejng most frc«|\ientl} sxprcs»e,l m txWes vn fill 
aVo Tlie arrangeimnt of thu table Ct*^rn frv*m lli>iliau’8 Traverse Tables) 
re<}uir<s no explanation 

'Tliere lx mg two & gnifieanl figures In-thc nuniluT of chains, the first de. 
tu t n" tens, the nsMu 1 units, the runivalcnt* must lit taken out for each «•- 
I sratrly, Tnter the column of chain* corrcsp<nJing to the significant figuri*s 
in th • first part of the table, where i' is an exact decimal muUiph of that 
nun lx r, » r In the first cr W'conl psnof the lal le, aecord ng at the number of 
1 nks IS more or lex* il an JO Wb< n ibe wl»el d slanee is Ims than lOcbamt, 
thr fr*i part of th« equivalent ralje »« f *!•*• I in the tam* co'cnin uni’er the 
r nm’xT r frl ami and In a 1 "e ssitb tl c Bn*nlxr of 1 aVs in tb** odumn so sl». 
» gna*i,l , t*'e lai-t jiart tf U ' c<{ vabn' is fa.r I lu the <xl nin Le»d«t deri 

> d 
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3 AtU’ 43 llir S3 8j Tbcr IjMliolUfr ti 3 6 j , S6, from 150 obs ofMr Pood 
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ta»i-c r 

ParaUax of the San 

This tabic rontaini the Farallax of the 8un at difTircnt of altitude 

abotc the hnnzon and fordiTmnt months of the jear To find tho Farallix 
for 44 di'gtw* of altitude for the month of April, look tti the column of 
altitude for 44° and on a Ime with it, and nndtr the column containing the 
month will be found the parallax, tU. aWajs addtUrt to the 

alusutle, ITrom'Bagaj'aTa'blcs.) 


Taeie G 
For rrrertm^ 

rm.r»»»ll often occur in rcTmingthe innardor outward angles of acircnit 
tunrj Il\ thi4 t«bV the complement of the angle, or what It wta*» of 560’ 
ran Iv o’ HmM without the neen* ty of auVraetion. The Iw-o rpp^r liars of 
the table e»«cla-n the wassfn, a* well as«ccw£j a*»d the remalaiag columns ib** 
dferttt ffTcn O to 175 in the 1 ft hanl dism ns, tnl from 150 to 350 m t! 
r gL' hi"' 1 d iu» 'ft* <f t’-* c» laant 
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To obtain tlic coinj)lcniC‘nt. of an angle subtending 348° 14' under 14 in the 
lino of minutes is 4G, and in the left division on a line -vvitli 348 in the column 
of degrees is 11. The complement of the angle is therefore 11° 4G', 

It seldom happens that observations arc taken to full degrees, but in cases 
■where there are no minutes, it -will bo necessary to add 1° to the number taken 
from the table. Tims : The complement of an angle subtending 115° 'will be 
244° by the table, to ■which add 1° will give 245° the complement required. 


Tault: n. 

Comparative scale of Fahrenbeit’s, Eeaumur’s and the Centigrade Thermo- 
meters, (from Boiloau’s Tidjlc.s) for determining the altitude of mountains. 

J^quivalcnts to Fahrenheit's Thermometer in Feaitimtr^s and the 
Centigrade Scales. 

The Temperatures of the Freezing and Boiling points by the several Thcr- 
moinctors, nro as follows : 

By Fabrcnlicit’s scale. Freezing point, 32° Boiling point, 212° 

„ Bcaumur’s ditto „ 0 „ 80 

„ Centigrade • ditto „ 0 „ 100 

Let .r° denote any dcgi'co in Fahrenheit’s scale ; its value in the other deno- 
minations ■\vill,bo expressed bj' the following Equations : 

x® Fahrenheit, = (.r° — 32) X f Eoaumur. 

„ „ == (x°— 32) X # Centigx-ade. 

by Avliich Formula: this Table has been computed. 

When the nuniber given is a whole degree Faht. the Equivalent in Degi’ees 
of Reaumur and the Centigrade scale is found in the proper column, and in 
the same horizontal line with tlie given degi-ee Falit. ; but when the given 
number contains the decimal of a degree, the Equivalent for the part must be 
found by proportion. 

Example. Required the degree of the Centigrade Thermometer correspond- 
ing to 20G°'3 Faht. 

206° Faht., = 96°'G7 Centigrade, 

•3 „ = *55 -f ^ 

206°‘3 Faht. = 96°-83 Centigrade, 

The number *55 is the difference between the equivalents in Centigrade 
degrees, to 20G° and 207° Faht. 

In taking out the differences from the columns of equivalents for fractions 
of degrees Faht. between 32° and 0° the given degree Faht. and the one next 
less must be employed, as the corresponding value of Reaumur’s and the Cen- 
tigrade scales increase negatively below 32° Faht. 
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TaDLES I A^D J. 

For ctinrerltng interailt of udereal time into cqmtalcTd vdenah 
of wfffln solar time and rice versa 

Tht tables of time cqnivalcnts are useful for comertinj mean solar into 
^ulcrenl time anil siileroal into mean tune ajcrcc-ibly to tlic c\amplo nnni \eil 
to raeli tabic. They will serte, also for tables of aeeolcralion and rctanlatioii 
by taVinct the dilTtrcnet between each argiument and its equiralcnL Thus iti 
tabic J, the excess of the sidereal tune cqmialents aboic the nrpiincnts of 
mt an time shew aece/eratioa of sidereal or mean solar intcTTnli , and m tabic 
I the defiCt of the mean time eqmrnUnts as compared with the arg;umcnls of 
sidereal time, indicate the retanlation of mean on sidereal mterrals 

Thcac tables, with the aboso explanation, are gi>cn from the Nautical 
Almanac. 


Tani-r Iv. 

SAmnn* ihe eorrecUon to be applied to Q JJnrometcr irifh a trais scale, 
ej'/ewfi»^ from the astern to the top of the mercurial column, to reduce 
the ohserration to 32* Fahrenheit 


Tlw olnerrcd hei;la of a Barometer taken at different temperatures before 
tbej can be comparoil with each other, will nqmrc nsluctJbn to ono common 
lemp«mture Tlie nsluetion consists of two parts, ono part boms duo to tlio 
dilation of the mercury and the otlur to that of the brass scale attaelicd 
to the Barometer \ both these corrections arc cmboihcd m the fullowing 
formula 




n zil :lS£)_* 

1 + 1 '-==“)” 


C — Sum of the tw o correction* 


JJ s Ob'* msl hi ighl of thi Barometer 

yObsersi’d timpirature of the Mtrrurj and of the brass seal' 
* I, which arc asiumesl to be cquaL 
n *» WXilOO expansion of lltmirj for I® of FabrcnbciU 
h «*• OOOOtOG ditto of trass dilt I . , iLlio. 

S2® Ftandanl ti raperstnre of Mi rcury 
Dltj, ditto of brass. 


Bi the til oft! «f rmala tbu Tubbs has l«ectv corap itc<l wlich. as iv » 
spMally inti n 1.^1 fjr tl e n-luctji n of the ^Iiti-orol **,r'cal 0!.vrtati ins taV^-n 
latheF r>pyorGiarra1s02sCT so I n«.-.l f r ibe PriniM Mmildy lb-si»lcr. 
H Im tut’enn;n*oftb''s»mo*pVnfalrrc-s an and l.mpiraturr. w! ich 
oeeur in CaW’la I t’-p f rm* r «l<nd fn n in-!<-s2Sl i j Sci-t, *nd tie 
U !«r ffv n *0’ to loi’ Fa'-vnlf L M n p n^nl tslVs r-n t! •ulj'ctwiU 
1«» 1 m the Adi" rain Sltn .al s'f Sner* Tn j rr, p 319 TL** C rjn 

Tij-n r tsl L-' -fsrs.ar* 1.. 1 ajiTsl' s IM? 
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'i'lii’ rmd of flu"-. T«b/s' will hf- ttndcr.-^lood from the 

fiill'iw iii>; f ■f. !'!(!['!■' : 

it i*. rff(i!iri-4 lo nimpiitt* ihf* correction for Enrometer 29-7S0 

iiH'lit 4 [itid 'rin r!n'iri!''t< r htl’ •'!, 

'j'lf 'JV.liul'ir juiiidt' r for Inrlif-<i nri*! Falirerilioit, ’145 

Alt' r.itirtii for I’ldircnlieit (1< dtiri d by the coiimion rtilo } 

*»f proji'irii'in,.., J 

]J‘<iii!r>d corn f-tiiif), -I-JG 

Olt.crvt d liti'*Iit of tlie E-iroinoJc-r, 29'7t50 

111 Ittht rcdtici-d to .')2^ Fnlin-nlif it, 29'C34 

It will i)c rciiiciiiljiTcd tliftt the 'J’nliiilar correction ia always ttcfjadvc. 

T.\r.i,T:s L, M A^D N. 

For amvnitiij,' arrr.’; info hcr^^tths of l^QOO sfjitnrc ^jnrd^ and vice versa, 
aho /ltr raiivt'iiin" (he drcttnid part oj'an acre or Hcn^ul hcrgali, into its 
rorrrspundiitg vahtr of Foods and Ptdes, or Cottnhs and Chit lacks. 

'I'lii' t‘.vi)lnnalion of those ttthlcs is g-ivon nt tlie foot of each table with 
cxtiinplos. 

T.u’.u: 0. 

Taldc of sipuirr dfrusnrv. 

This table will he found useful in the hhusrnh measurements, for checking 
llie niultiplications tif the sides of lields to obtain the contents. The mode of 
tising it together w ith an example, is given at tlic hetid of the table. 

T.\r.i,i:s P AND R. 

For converting acres into licrgahs of J5,02J square yards and vice versa. 

Tliese tables are ealcidnted in Ihc same manner as tables L, M, and N, 
and are made use of in a similar manner. 
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MKMOUANDUSI ON TllK SIUSEUM OF KCONOMIC GEOLOGY 
OF IKDIA. 

Tli^olyrctsofUio Marcum ofEconomic Geology of India, which lias been 
t-stabhshed by Government at Calcutta, under orders from the Ilon'ble the 
Court of Directors, m conjunction with the Asiatic Societj and at its Hooms, 
are the following — They arc, as SLicntificmcn will perceive, generally those of 
Economic Geologists in all countries, but there are some peculiarities connect- 
ed with India, and the situations ofDuropcans in it, which will oblige us to 
go Into a little detail, to explain to those who maj not alreadj taVeau interest 
in these matters, our wants, our wuhes, and our hopes of the mUantages which 
may accrue to the community from this new establishment Its objects then 
arc briefly these- — 

t To obtain the most complete Geological, Mineralogical. and Statistical 
knowledge possible of all the mineral resources of India, wrought or unwrouglu, 
so as to make them as publiclj known as possible , to show how they haio 
been, or are now wrought, or bow they might be so to the best advantage 

2 To obtain a complttc sot of specimens, modtls, and draw mgs, relative 
to the Mining operations. Metallurgical processes, and Mineral roiiiufactiircs 
of all kinds of India, and of Europe and America, so ns to afford to th( pub- 
lic information ofevet) thing which can bo turned to account here or in 
Europe, and perhaps prevent loss of time, waste of capital, and disappoint- 
ment to the Indian speculator. 

3 To furnish the Enpnecr and Architect with a complete collection of all 
the natcnsls, natural or artificial, which are now, or liaie formerly Wen used 
for buildings, cements, roads, Ac and of all which may possiblj be uscil In this 
department, whether European or Indian. 

4 Toeollect for the Agnculturahst, »p<viinens of all kinds of soils remark- 
able for their pffwxl or bad qualities, with the subsoil, subjacent rocks, Ac 
and by examination of thisc, to Indicate (heir various peculiarities and the 
reme»lics for their def«ts 

5 To rolh-ct for Meibcal men, the wa’crs of mineral springs, and mineral 
drugs. Kc Ac. 

fi. An! fmallj, by cbcmi'^1 esaimna'ionjof all these vanoui specimen*, (o 
determine their value, and how they may b«'Wsi turned to acrount for the 
general l<n< 'it of the ecmmunity 

Mith obji'Cti Ike thete, the Mufccm <f Eernon c Ceoli^gy may W 
Slid to bo p'sceil Wtwftn the p..r«ly w entife greil>g»t enithe nsf-rrhant, 
ite taiac-, the fsnner, tl- camfacti-n r, tnl th« Ijiller, cr in otler 
wcnl», the merxly practical men, who may d<-« re to know how tie 
inewlfdge cf the tad miacral'^ ‘k-^to then o''e-t «o rrcf'^d te, 

anl apparentlv ►■> niele**,— «a forward tle’r skw* and it* ©Clrw to b-, 
if f-»i‘de. to a-iwer a’l qaeiiieaa tf thi* ca’are which may irue f^r 
pal’j- Uneft, 
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TJlis may sometimes bo done from books, but tlie great library must be 
the collections of our Museum, which are in fact a library of examples, to 
which the commentary is the laboratory; where aided by the resources of the 
collection, questions may often be solved in an hour, a day or a week, which it 
would take half an Indian life to obtain the mere materials for investigating. 
An extensive collection, then, is the first requisite, and this should, if possi- 
ble, comprise every inorganic product of the earth from which manldnd 
derive any advantage, with every information relative to it. It will readily 
occur to the reader, that in India, owing to her infancy in some of the arts 
dependent on these products, as in mining, agriculture, &c. ; and her singular 
progress in others, as in peculiar branches of Metallurgy and the like, our 
almost absolute ignorance of what her methods and resources are, the pecu- 
liarities of situation in wdiich these resources may exist, those of climate, 
workmen, and many others, we have almost every thing yet to learn ; and 
that to accomplish our objects we cannot be too well furnished with aU the 
knowledge and examples of Europe and the Americas, and all those of India, 
or of Asia. Without these, our process must be verj" limited ; but in pro- 
portion as we obtain them, we may hope, without presumption, to see the 
day when the mines, the quarries, and the soil of India may be done justice 
to, which assuredly, has never yet been the case.* In this all classes are so 
clearly interested, that it would be superfluous to show it, as it is to show that 
the resources of every country, are far more readily developed -with public 
means for investigating, preserving, and publishing all knowledge belonging 
to them, than where none such exist. 

It is therefore hoped, that those who may be desirous of assisting this great 
public work, will bear in mind, that nothing, however familiar it may be to 
those on the spot, is indifferent to us;ybr if not wanted for the institution, it may 
serve to procure that which is; and the following note is given rather as a gene- 
ral memorandum than a specifying all which is desired. The general rule is 
that details cannot be too numerous, nor specknens too various, particularly if 
purely Indian. 

* It is curious to find that upwards of 140 years ago, the ores of the pre- 
cious metals were an article of export from the Dutch East Indies. This is clearly 
shown by the following passage from Sclhutter’s work as translated by Hellot, 
and published by him under the title of “ Hellot sur les Mines”, Paris, 1753. In 
Vol 11. p. 285, Chap. XLVI. “ On East Indian Ores and their Fusion hy the 
curved Furnace,^' he says : — 

“ In 1704, Schlutter received hy a private channel twenty-five quintals of ore 
from the East Indies, &c.” And again: “ These sorts of ores (of gold and silver) 
sent from India hy the Dutch were frequentlj’- smelted at the foundery of Altenau 
in the Upper Hartz, but had never been smelted in the Lower Ilartz. This ore 
was in lumps from the size of a nut to that of walnut, and by tilals it was found 
that the quintal of 110 lbs. contained 1 oz. 8 drs. of gold and 3i oz. of silver.” 


DFSIDCHATA FOR Till: JtUSEUlI OF CCOKO-MIC GEOLOGY 
or INDIA 


1 

MJ’fES ASH Mimno rrocccts 

1 Specimens of allcrudcorcs.jast as fount! If possible also, of the rocks 
or matrix in » hich found , of those indicating the rein at the surface , of the 
stalls of the vt ins ,of the strata of bods passed through before reaching them , 
and of the rocks of the surrounding country 

2 Tlio ores after preparation for the furnace by picking, stashing, stamp- 
ing, roasting, Ac, 

3 Tlie rejected ores, grarcl or stones found with those used , which often 
go under oild names, as those of ** mother, detil," or the like 

4 'Hie flaxes used, Ifany 

5 ttemorandum of the kind of fuel used, samples of it if coal or coke, Ac., 
names of the incs, as bamboo. Ac , if charcoal , and if not too far, send 
specimens. 

C Tlie roasted or half smelted oro 

7. The pure metals, as obtained in a merchantable state, of nil the quali* 

tKS 

8 The slsgs, of all Winds, from the furnaces and smeltings 

9 Draw tags or models, (to scale if possible) of all furnaces, machinery, and 
implements ttseil m any of the processes, with drawings, plans, and models of 
the mine Farthen models of the furnaces, Ac. may often be well made, by 
ibe natire image makers for a mere triQs 

10 Ppccimens of any tools uswL 

It Traditions, history, and statistics of the mine or minora! products, as 
(I ) How and when found i (2 ) Produce, gross and net t (3 ) lU nl if farmeti, 
or what tax payable on the pniducl i (4 ) IVice of dail^ labour t (5 ) Amount 
t f UUmr obumable for a psen price j (<».) I.stimated profiU, past and pre- 
wnt t (7 ) ISeasons for decay or increase . (6 ) hat is now rc<}Uirtd to 
make the mne norc productire , (9 ) Copies or notices of any books or 
accounts of the mine j (10) Health, comfort, morab, and condition of the 
workmen rraployftj, arerage of ages, and if life among them if thought 
nnhcahhy I seasons an 1 hours of work SupertUtious nouoni, peculiar dis- 
eases, Ac Ac 

II 

ItrtLmxGs Ctut-xTS, I’ontBY, Couict*. Roars. Ac. 

1 Bpee»aers from the qnames, of all Wiodt of build. ng stones useful or 
nrrtly cTuraet-taW 

S:. The same of limestones, ihelli, ecralitr olhff angles, used to make 
I me CT cesaent* cf all kinds 
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3. Specimens of ll)e strata above and beloiv tlie quarried stone. 

4. Any fossil shells, hones, fish, plants, insects, or other appearances of 
organic remains large or small, found in or near the quarries, or amongst the 
rubbish and watercourses of quarried spots. If specimens appear too large 
to move, please to give a notice, with an ej'e-skctch, and estimate of the 
expense of moving, and preserve it till a reply is sent. 

.'5. Specimens of the building stones or remarkable bricks used in any 
pid)lic edifices, monuments or tombs, with the date of their erection if known, 
and a note to sa}’ if exposed to weather or protected by stucco, paint, 
or roofs. 

6. Memoranda and specimens of any plants or animals destructive to 
masonry, as boring worms and shells in water, and the like, with specimens 
of their work. 

7. Ornamental or stucco-work ; specimens of it, new or old, interior or 
exterior, with the best account procurable of the materials, preparations, and 
working of them. 

8. Specimens of stones and marbles, shells. See. used for image or orna- 
ment-making ; of earths for pottery, and varm'shes of coloimed earths of all 
sorts, whether used as pigments or not. 

9. Specimens of peculiarly good materials used for roads, whether ancient 
or modern, with prices, methods of using them, and other memoranda. 

10. Prices of all the above ; rates of labour, carriage, &c. from the rough 
to the wrought state, and all other statistical details, as in the case of Mines 
and Mineral products abovementioned. 

in. 

Agricoltobai. Geology, 

1. Specimens of soils of good, and the best qualities, for aU’ kinds of pro- 
duce, as sugar, cotton, tobacco, &c. 

2. Of infertile soils or veins of earth. 

3. Of the subsoil or rock. 

4. Of the stones scattered about these soils. 

5. Memoranda relative to the height of these soils above the water of wehs 
in the rains and dry seasons, and of its drainage, sheltei', exposition, &c. 

6. Of any kind of earths, mud, or stones used as manures, as peats from 
the jheels, kunkurs, &c. 

7. Of the deposits (fertile and infertile) left either by the common inun- 
dations or by violent floods, with memoranda of their effects on the cultivated • 
soil. 

8. Specimens from any separate spots, where gravel or stones are collect- 
ed in quantities after inundations or floods. 

9. Accounts of remarkable floods, and average heights of the rise of rivers, 
of the raising of the soil, alterations in its produce consequent thereupon, and 
all other details. 
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10 Jlemoranda relatire to the formation or dcstraction of river banks, 
islands, &c with measurement, if obtainable 

11 Samples of all kinds of efflorescent salt earths, with specimens of the 
different salts prepared from them, prices of preparation, selhng rates and 
accounts of the processes and uses of the salts 

12 Specimens of bnno sprmgs, with details of manufacture if boiled for 
salt, and statistics of labour and produce, &c as m the case of mines 

nr 

hlBniCAl. Geoloot 

1 Specimens of mineral medicines of all sorts whether produced on the 
spot or imported, crude and prepared, with notes and samples of the process 
of preparation in all its stages 

2 Of the water of mineral springs, their temperature, incrustations about 
them, account of their uses, and specimens of the rocks or soil in which found 

V 

NATIYB llETAlLURQtCAI, PeOCESSES, OR MlNREAL MaNUEACTURES 

1 Esact dcscnptions of them, however rude or simple they may appear, 
with samples of the ores, fuel fluxes, products, slags, &c. 

2 Models or drawings (to scale if possible) of the furnaces and imple 
ments of all kinds , specimens of these last may be sent 

S Memoranda and samples of tbe earths or sands used for moulds in 
castings, of the crucibles and beds, raw and baked, and of the raw material 
from which made 

4 Prices of raw and wrought materials 

5 Drawings of machinery used for turning, bonng, pohshmg &c 

In conclusion It is not supposed that any individual, unless wholly devoted 
to the research, can supply the whole of the desired specimens, or even of the 
knowledge relative to any one product , but any single item of the foregoing 
may be of importance, at some time, to some one , and it will be the special 
duty of the Asiatic Society, and of the Curator of the Jluseum, to see justice 
done to every contribution , whether relating to the Geology of India in 
general, or to this peculiar branch of it 

(Signed) n PiDDivoTOv, 

Curator, Museum Economic (Seologg 
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MEMORANDUM 

OP 

TEST FOR EXA]\IINATION OE CANDIDATES, 

/■ 

rOR THE 

GREAT TRIGONOJIETRICAL AND REVENUE SURVEY 

Departments. 


1. To -WTite a neat legible hand. 

2. A thorough knowledge of Arithmetic, but more especially of Involu- 
tion, Square and Cubic Roots, Arithmetical and Geometrical Progression, Pro- 
portion or Rule of Three, Vulgar and Decimal Fractions, and Logarithmic 
Calculations. 

3. Geometr}’’, First 4 Books of Euclid. 

4. Algebra, as far as Quadratics inclusive, 

5. Elements of Plane Trigonometry'. 

6. Spherical Trigonometry. 

7. A loiowledge of Plan Dranlng, or at least a proof of some degree of 
taste in Drawing and Printing, so as to warrant the expectation that he may 
turn out a good Draftsman. 

8. A healthy and vigorous constitution and good eye-sight for observing. 

jForm of Agreement to be taken from a Candidate prior to his admissio7t 
into the Siirveg Department. 

I, AD, do hereby agi'ee that I vrill not demand my discharge for three 
years from the date of joining the Surrey to which I am appointed and never 
during the Field Season. I further agree to serve in any one of the Revenue 
Survey's to which it may be necessary to remove me. 

If against the tenor of this agreement my' discharge should at any time be 
insisted on, I do hereby agree to repay to the Government a sum equal to 

one-half of the whole amount which I may have actually received in the 

shape of Salary or Allowance of any kind. 

E. F. ? 7 

C. D. ) TVRnesses. > 

Place and date. j Signature. 

Note. — ^This test is applicable to both Departments, with the exception of 
Spherical Trigonometry, which is not required from the JteveJiue Survey Can- 
didates. 



XXXIX 


LATITVDES A2^D L0E!G1TVDES of the Principal places in 
BENGAL and NOnTJE WESTERN PROVINCES. Extracted 
from the Records of the G. T. Survey of India. 


District Or 
Division'. 

Names of Places. 

Latitude 

North. 

Longitude 

East. 

r 

1 

Agba, 

[ 

Agra Taj Mahal Dome, ... ... 
Futtehpoor Sikra Dome, , , , 

Ferozabad Station, 

Pinalit Station, 

Sikundra S. E. Minarctof Gate* } 
way, ... 3 

2? 10 2G 
27 5 35 
27 8 34 

26 52 36 

27 12 59 

78 5 4 

77 42 18 

78 25 5G 
78 24 S9 

77 69 34 

Ajmere, ........ 

Centre of City, 

26 27 10 

74 43 58 

AtLAnACAD, ...«| 

Allahabad, Fort Flag Staff, 

Anal Temple, ... 

Badra Syud’s Tomb, 

Jusi Temple, ... 

Kantua (iluUdiog E.B. Ganges,) 

25 26 0 
25 25 8 
25 27 16 
25 26 18 
25 46 SO 

81 65' 16 
81 55 29 
81 67 12 
61 56 44 
81 23 48 

[ 

Au-TOOBII, 

Allycurh Fort, 

Baroli Station on Building, ...... 

Ilatras Station on Fort, 

Koel Mosque in City, ...... 

Sankras Fort Station, ... ... 
SasniFort, ... ....„ 

27 55 41 

28 5 19 
27 35 31 

27 62 42 

28 2 25 
27 42 12 

78 6 18 
78 5 67 
78 6 9 
78 6 31 
78 34 30 
78 8 6 

AziMGonii, 

Azimgurh Chnrcb, 

„ Temple, ...... ..... 

Jogdespoor, 

Samcnda,.., ...... 

26 S 2 
26 3 56 

25 47 1 

26 0 23 

83 13 20 
83 13 51 

82 39 14 

83 16 57 

BlIACGCtFOOB. "I 

Mozuffurgum Temple, ... ... 
Dolpahan Udl Temple,. 

25 C 49 
25 11 53 

86 36 16 
86 41 48 

Bundlecund, 

Talona IliU Temple, 

Bagoli highest building in Fort, 
Rajnagar Temple, ... ... ... 

Rangir Station, 

Somra Fort, N. W. Tower, 
Saigarh Fort, highest building ) 

X. T.S 

24 54 46 
24 44 17 
24 53 40 
24 0 21 
24 14 1 

24 16 26 

79 46 32 
79 33 34 
79 57 9 
79 28 26 
79 22 14 
70 9 46 

BnuRTroott, 

Bhurtpoor Palace, ... 

27 13 10 

77 32 12 
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LATITUDES AND LONGITUDES 


District or 
Division 

Names of Places 

Latitude 

North 

Longitude 

Last 

BnorAL, . 

Bliopal Palace Spire, 

Chaokigurh, Upper Fort Gate- ) 
iva^r, ... ... . 1 

Islamnuggur House, .. 

23 15 S5 

23 4 51 

23 21 23 

77 25 56 

78 6 29 

77 27 35 

Bddaoqv, . . 

Dcbrai Port, ... .« , 

Soro House, ... , 

27 50 33 
27 53 30 

78 44 58 
78 47 20 

Bdbdwan, 

Balki Tower, , , . 

Calna Temple, 

Gunjua Tower, 

Jlalidpur Tower, .. ... 

23 28 1 
23 13 17 

22 58 SO 

23 9 56 

87 39 23 

88 24 33 
87 36 2 
87 47 4 

Cawhpoob, 1 

Cawnpoor Chnst Church, . 

Suvada, 

26 28 15 
26 26 6 

80 23 45 
80 24 12 

Cuttack, | 

Lall BagU or Commissioner's ) 

House, I 

Barabati Fort Flag Staff, ... 

20 27 35 

20 28 54 

85 53 61 

85 54 15 

Deuba Doov,-^ 

Debra or Gurudwara Temple, 
Nalapaui or Kalingcr Fort, 
Rajpur Dak Bungalow, .. 

Tumi Village Temple, ... 

80 18 58 
30 20 27 
30 23 50 
30 22 39 

78 4 27 

78 8 26 

78 25 

77 45 51 

Dehu, ^ 

Debit Junitna Musjid Dome, 

28 38 58 

77 IG 30 

Divajepoob, . . 

Draajepoor Mr Grant’s House, 

25 36 34 

68 40 12 

DuourooR^fia- J 

EITOBT, ... i 

blacbkanda highest Building, . 
hlunia V ilHgc hlosquc, , 

Pachgaon Budding, ... ... . 

26 41 1 
26 49 IG 
26 43 2 

77 54 38 

77 57 45 

77 53 15 

Eta w Air, 

Barch Port, , , ... ,. ... 

Etawob Old Fort, ... . . . 
Sabad Fort Bastion, 

Usrari Port Budding, 

Yam Fort, ... .... 

56 29 59 
26 45 31 
26 51 37 
26 33 30 
26 27 36 

79 17 24 

79 3 18 

79 34 24 

79 37 12 

79 23 10 

ri,ERtCKAnAD,-| 

Arosi Fort, . . ... 

Cbibra Mno Tbana ... . 

Kudrel Fort Building, ... 

Nuwabgunj Tbaua, 

Amober Fort, .«.«>.« 

JankatFort, . ... ..... 

26 5G 40 

27 8 55 

26 54 13 

27 26 6 
27 1 43 
26 51 25 

79 43 59 

79 32 9 

79 21 47 

79 26 45 

79 44 54 

70 54 5 
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LA.TITUDE S AND LONGITUDES. — (Continued.) 


District or 
Division. 

ISTames of Places. 

Latitude 

North, 

Longitude 

East. 



0 / f/ 

Of// 

Futtehpoob, . .| 

(«• •»« Bat 

Musapur Tower, 

26 6 2 
25 46 33 

80 24 18 
80 40 47 

f 

Gliazeepoor Church, ... . . 

25 33 36 

83 35 13 


Lord Cornwallis’ Monument, 

25 33 30 

83 35 19 


New Burial Ground, 

25 33 6 

83 34 32 

Ghazeepoor, . . 

. Opium Agent’s House Signal Staff, 

25 34 25 

83 37 9 

Homan Catholic Chapel, 

25 33 43 

83 35 20 

L 

Old Fort, Sri JTarain Key’s 7 
^JLoxise, *•* ••• j 

25 34 48 

S3 38 4 

GoOEG AON, 

Firozpoor Palace, 

Hodul Building, 

27 47 8 
27 53 24 

76 59 41 

77 24 35 

r 

Goruckpoor Bajghat Temple, ... 

26 44 8 

83 23 44 

1 

„ Mosq[ue near Baj ghat. 

26 44 27 

83 23 37 

Gorockpooe, . . •< 

Mahamadpur, 

26 46 27 

83 9 16 

1 

^Tandaor, ••• ••• 

26 56 37 

83 6 57 

L 

K^ajabari, ••• ••• •*•••» 

26 54 1 

83 18 2 

f 

Bheelsa Temple, 

23 31 35 

77 50 39 


Gwalior Hill Temple, 

26 13 10 

78 12 28 

Gwaeior Tee- 

Isagurh Fort, 

Kalianpur Observatory, 

24 50 3 
24 7 12 

77 55 43 

77 41 45 

JilTOItYf •••••• 

Narwar Hill Fort, 

25 39 2 

77 56 57 


Seronj Mosque in Fort, 

24 6 23 

77 43 37 


Satalgarh Hall i^’ort. Dome, 

26 14 26 

77 26 58 

f 

Badek Pillar on Jumna, R 

26 22 19 

79 31 50 

Homeerpooe,..-{ 

Kalpi Fort Temple, 

26 7 49 

79 47 22 

L 

Pal : Village House, 

26 14 45 

79 '38 48 

r 

Chinsurah College, 

22 53 24 

88 26 34 

I 

Fort Gloucester Highest Chim- 1 

22 29 27 

88 12 58 

Hooghlt, 

ney, ... ... ... ... y 

Nibria Tower, 

22 35 37 

88 17 10 


Pondua Dargah Spire, 

23 4 28 

88 19 43 

L 

Serampore Church,,., 

22 45 2G 

88 23 10 

Hijellee, 

••• ••• 

22 12 4 

88 5 21 






LATITUDES AND LONGITUDES.— {CorAmci.) 


District or 
Division. 

Names of Places. 

Latitude 

North. 

Longitude 

East. 

Jaloun, Bun- 
DtEKUNn, ... 

Jaj’amanpoor Port,.., ... 

Jaloun Temple, ... 

Kotrn Temmo, ... 

Moheva higueat Building, 

Parasan Temple, ... 

2G 24 Id 
2G 8 82 

25 48 25 

26 7 28 
25 56 15 

O t It 

79 15 23 
79 22 42 
79 21 5 
79 39 50 
79 43 52 

JODNrOOE, 

Badslxapur Flag on Tree, 

Jounpoor Chu^, N. W. Spire, 
„ Fort S. W. Bastion, ... 
„ Jail N. TV. Bastion, ... . 

„ Musjid N. Spire of Gate- ) 
way, 1 

25 39 41 
25 43 48 
25 44 53 
25 44 23 

25 45 31 

82 14 17 
82 44 7 
62 43 49 
82 43 56 

82 43 SS 


Almorah Commissioner’s House, 

Aring Building Station, ... ... 
Awa Cbimncr,... ... 

Daigaon Building, ... ... ..... 

Dig Temple, 

Muthra City Building, ... ... 
NoU Tower 

29 35 10 

27 29 3 
27 27 2 
27 40 51 
27 28 42 
27 SO 13 
27 50 49 

79 41 10 

MUTIIH., -l 

77 34 11 

78 31 47 

77 24 57 

77 22 3 

77 43 45 

77 41 13 

MoZUrPEBMUO- J 

GUB 1 

Baseda Fort Bastion, ... ... ... 
Gohdna Tower Hill Station, ... 
KaUana Observatory, ... 

29 S3 15 
29 37 13 
29 30 49 

77 53 38 

77 56 30 

77 41 33 

MbEEDTH, I 

ITapnr Station on Building 

Meeruth Church Steeple, 

Pirgbyl Building, ... 

Salawa Byragi’s Mut, 

Sirdbana Begum’s Palace, 

Sirdbana Church Steeple, 

28 43 20 

29 0 41 

28 40 30 

29 13 46 
20 9 6 
29 8 47 

77 49 33 

77 45 3 

77 15 19 

77 42 12 

77 39 26 

77 39 32 

&IlD»AFOOB, ... 1 

Gop Tower, ... ... 

Midnapoor Park noose,.., ...... 

Jlldnapoor Nazargunj Ilouse, ... 

22 25 13 
22 24 48 
22 24 17 

87 19 25 

87 21 12 

87 21 18 

SlAtDA, ........ 

Ahapur, ... ... ... ... ...... 

Onali, ... ... ... ... 

24 44 22 
24 59 56 

88 23 28 

88 18 49 

SIlKZAPOOS, 

Chnnar Fort Flag Staff, 

MirzapooT Cantonment,... .... 
Jlirzapoor Court House or Ka- f 
chcri 

25 7 30 
25 10 55 

25 9 19 

82 55 1 

82 38 15 

82 37 23 








LATITUDES AND LONGITUDE S.~{ConUmoA.) 


Piptrict or 
Divipion. 


Names of Places. 


Latitude Longitude 
North. East. 


.\rooiipui:nAUAi), 

jroRAPAUAl),... 


Bcrliamponr irospitnl Station, ... 24 G 7 88 17 33 

IJaiX.ll,amari Indigo Knn,lo.-y, ) 
builduig South of Ganges, ... J 

Ag^ranpoor Fort, 28 55 43 78 45 57 

Kasipur highest Turret, "" 


28 55 43 

29 12 49 


78 45 57 
78 59 4G 


hloNGIlYR, 


.Turgaon, I 25 27 2G 86 43 38 


MvNi’oonrr. ... 


Kasniaro Fort, 

Laigas Fort Bastion, 

Sainan Fort, 

Sainsorgunj Fort Bastion, 

Saonasi Fort, 

Saldt Temple, *t« ••• ••• 


Nudbra, 


Goa G'hat, ... ... «.• ... ... 

Kishnagar E. Jao Tree,.., 

hlaisgunj Factory, ... 

Santipur Black Temple, 

Sukria Temple, 


27 G 32 
2G 58 30 
27 1 24 
27 0 9 
27 3 43 
27 26 7 

23 51 10 
23 23 31 
23 25 11 
23 14 24 
23 7 59 


79 19 41 
79 21 52 
79 13 58 
79 22 13 
79 20 11 
78 49 15 

88 29 59 
88 30 58 
88 26 54 
88 29 6 
88 29 11 


OuBR, .. 


Lucknow Begum’s I\Iausoleum, 26 51 8 SO 57 59 


Pakerput, 


Patna, 


Paciieet, ou 
JUNGI iB Me- 

IIAI.S, 


PlLLIBHEET, ... 


„ Gar.i Uddin Hyder’s 7 
Jlausolcum, ••• •» ••• ^ 

„ JMote Mahal Palace, ... 

„ Observatory Triinsit \ 

Telescope, 3 

Gumsira hLisjid, 

Sora Temple in Village, ... ... 

Kurnal Church Steeple, 

Kurnal City Bunnia’s House, ... 

Dinapoor Flag Staff^ 

Dumri Fort S. E. ^ 

IPatna Gola, ... ... ... ...... 

Chas Bungalow, ... 

Khatras Temple, 

Kaganathpoor Telegraph, 

Kalianpoor Station on mound \ 

close West of Village, 3 

Tanra Thanali Flag, ... 


26 51 27 80 59 19 
26 51 22 SO 58 57 
26 51 10 SO 58 57 


25 43 43 

26 17 31 

29 42 17 
29 40 45 

25 38 20 

24 34 57 

25 37 12 

23 38 10 
23 48 51 
23 31 31 

28 35 7 

29 4 17 


81 26 1 
81 15 0 

77 1 45 
77 1 56 

85 5 09 

84 21 36 

85 10 57 

86 12 32 
86 20 32 
86 42 32 

79 47 1 
79 28 15 








LATITUDES AND LONGITUDES.— {Coatimni.) 


District or 
Division. 



Bangliora Tower, 

D ewan^ni Tower, 
Ramgiinj, jJase East 
Ilamnagar Tower, 


j Karchftka Indigo Factory, 

I Eampoor Bauliah Judge’s Ku- 
clicrry, ... < 


r Talgm 
J Parasr 
, ..... < itamgi 
■ L Seram 


Palgunj Tcmplo, ... ... 
Parasnath Highest Temple, 
Ramgurh Fori, ... ... 
Scrampoor Building, ... ... 


SiiAHjEiiAN* r Julalabad Port, ... ... ... ... j 

roon, ...\ Ivbera Bajera Mound, ^ 

J f Simla Church, 

^ t Simla Magnetic Observatory, 

Cbosana Duildiog, 

Gaosghar centre Dome,... ..... 
Ilurdwar Uaja’s House,... ...... 

Ifojhili Tower Station, ... ... 
Sikar Temple, ... ... .. ... 

(. Sirsawa Building, ... ... ...... 

G.... ....... r Bamani Telegraph, 

SlUlIABAD, 

Baitul Fort, S. E. angle, ... ... 

Uusiogabnd Fort, 

„ Temple, 

Q . ....... . Jagdhar Hill Statioo, 


I 1 Gera jroru b. E. 


26 

13 

20 

, 87 

34 

32 

26 

ID 

63 

1 86 

56 

47 

26 

18 

59 

1 88 

19 

56 

2G 

2 

12 

1 87 

4 

3 

26 

15 

25 

88 

14 

30 

24 

22 

11 

88 

30 

3G 

24 

21 

46 

88 

37 

45 

24 

4 

48 ' 

86 

15 

34 

23 

57 

60 1 

86 

10 

17 

23 

88 

22 

85 

34 

6 

24 

7 

17 

86 

22 

46 

21 

43 

20 

79 

41 

53 

28 

1 

85 

70 

35 

11 

, 

6 

18 

77 

12 

49 

31 

G 

6 

77 

11 

1 

29 

SO 

58 

77 

13 

14 

29 

36 

2 

77 

29 

7 

29 

57 

SO 

78 

12 

52 

29 

33 

23 

77 

28 

58 

1 29 

35 

45 

77 

31 

9 

29 

53 

22 

77 

42 

52 

29 

45 

37 

77 

58 

1 

30 

0 

53 

77 

26 

20 

24 

SG 

40 

84 

7 

50 

24 

37 

88 

83 

59 

17 

21 

51 

IS 

77 

58 

15 

22 

45 

43 

77 

45 

5 

22 

45 

42 

77 

45 

30 

21 

49 

39 

78 

0 

58 

23 

0 

39 

79 

59 

43 

21 

55 

42 i 

77 

59 

33 

, 22 

29 

40 1 

77 

56 

12 

25 

3 

SO 

79 

31 

0 

i 23 

50 

9 

78 

46 

51 

21 

48 

35 1 

77 

56 

9 





LA Tirr'DLS AM) L0SaiTi:DES.-^{0<>u\mxcA.) 


... i 

I.ti'-trirt or ! 

J)iviji)!l, 

i 

Knmc:'. of l* 5 ;icc?. 

Latitude 

North. 

i 

LonL'itude 

List. 


S'aih;?.-, 


I n.-tHn 'IVjnj.lc. ««« •*» ••• #»• 
I I'l'tti.'i Il.'tj.'ili's 

' Mooti'linm- {'oner-for s Ktitchcrj, 
^^tlltye JJiirtnl (irnunil, 

Xnfkntla Inili"o Fart/irv, 

Knmiin^.'tr IJnjnhV ... ... 

lltitwtil yv»;ra, 

Sf^rowli 'JVmj)le, 


nwilakijinor To'.ver, 
Glio.'-oatli Tower, ... 

M. .Mirz.npoof Tov.-cr, ... 

-j X„rl,aVTn«-i.r, ... 

I’otn oorf ■'J'aipoorTowcr, 
I’nlndpoor Station, ... 


••• ••• 


••• 


••• •• 


••• ••• 


«*• ( »» ••• 


2 >l-Ftm(iL'.v- 


■ Akr.a Soinnpliorc, 

]in5o Lino N. Tower, 

Ditto S. Tower, ... 

Food Scmnjdiorc, 

IT*...,,..... Calcutta , Oliscrvntory No. 35, 1 

, ■irtTrCot Z'CCt ^ ••• 

-i Biitn-Duin iMokunicnf, 

D i n m o n (1 1 1 ari)ou> vScin npli or c, . . . 

Flag Stati; Fort Wi>iam, 

Govt. Ilou.^o I)ojnc,.;\ 

llooghly Scninpliorc, 

Moyapoor Semaphore, 

Shampoor Semaphore, .1 , ... 


27 0 .0 
20 48 S 
20 30 40 
‘JG 45 27 
20 .30 .50 
27 0 53 
27 0 ,58 
20 40 41 

20 40 ,54 
20 17 23 
20 ,31 3 

20 31 47 
20 22 30 
20 4 20 

22 30 20 
22 42 .35 
22 .30 50 
22 22 31 


o / " 

Si 21 24 
84 32 39 

54 57 29 

55 20 12 
S5 20 25 

54 22 2 
84 14 1 

84 47 51 

85 28 57 
85 10 27 

! SO ID 3 
80 8 30 
.85 28 40 
85 20 30 

55 17 30 
88 25 4 
88 25 22 
88 0 4 


22 33 1 8S 23 59 


22 37 53 
22 11 11 
22 S3 35 
22 34 2 
22 12 .30 
22 20 15 
22 20 23 


88 24 30 
88 13 47 
88 22 43 
88 23 59 
88 3 41 
88 10 52 
88 14 21 







^lvii 

LATITTID^S ANl> LONGITWDES of the principal places in 
the 3IADRAS PRESIDENCY^ Extracted from the Records of 
the Great Trigonometrical Survey of India. 



Nxaies of Places. 

latitude 

North. 

Longitude 

East. 

Humur Port, ... 

O t 

12 2 53 

o / t 

78 31 33 

Kistoagherry Fliy? Stafl^ ... 

12 32 19 

78 15 27 

Pennagra Fort, 

12 7 48 

77 56 39 

llyacottab ... ... 

12 31 20 

78 4 44 

T^ogtltotU Fott, ... 

12 0 47 

78 26 20 

Ankola Musiid, near the ScQ, ... 

14 39 43 

74 20 58 

Honoor BuhmIow, 

Koondapoor Staff, ... 

Mirjan Fort, S.E. Angle, 

14 16 36 

74 29 4 

13 38 13 

74 43 48 

U 29 16 

74 27 33 

SadashevaghurDroogPlag Staff, 

14 50 45 

74 10 21 

Arcot Fort. Nabob’s House, 1 

s.w.n, } 

12 54 16 

79 23 31 

Arneo Monument, ... ...... 

J2 40 23 

79 19 31 

Colastree UtU Pagoda, ... 

13 45 10 

79 44 34 

Chillumbram Piwda, 

Chlnglepet Fort Flag Staff. ... 

11 24 9 

79 44 7 

12 42 1 

60 13 

Chittepet Jfosque, ... ...... 

Cuddalore Flag Staff, ... ... 

12 27 59 

79 23 30 

1 1 43 24 

79 49 6 

Gingee Droog, 

12 15 19 

79 26 8 

Madras Observator/, ... ,,, 

13 4 n 

80 17 21 

Mowbray’s House Cupala, 

13 1 S3 

80 17 21 

Pondicbeiry Flag Staff. 

ll 55 57 

79 53 33 

Porto Noto Fla" Staff, ...... 

11 29 25 

79 48 13 

Pullicate Church, ... 

13 25 8 

80 21 24 

Ttinomally Pagoda, ... 

IS 13 56 

79 6 43 

Vellore Fort Pagoda, ... ... 

12 55 7 

79 JO 42 

Verdacbillum highest Pagoda, ... 

11 31 4 

79 21 39 

Bcllary Flag Staff, ... ...... 

15 6 57 
15 18 12 

76 57 10 

77 38 11 


14 28 49 

78 5) 47 


15 54 15 

79 9 1 


14 24 35 

77 45 50 


13 46 20 

78 37 49 

•1 * ■ ' • 

15 6 53 

77 41 32 

* ■ ■ ••• ” /. 

14 40 58 

77 39 0 

i. ■ . » 

Cavalier, ... ... ... ...... ( ' 

15 13 57 

78 21 28 

Kuruool Fort I»aul Batieiy, ... i 

15 49 58 

78 5 29 

Nauguldinny Fort, S. W. 4, ••• ' 

15 55 0 

77 36 14 





xlviii 


LATITUDES AND LONGITUDES.— {OonWnneL) 


District or 
Division. 


Names of Places. 



Ceded Dis- 
trict, 


Poolavaindla Pagoda, 14 24 59 

Poremaumla Fort, S. W. ••• 15 0 45 

Punganoor Palace, 13 21 39 

■{ Rachootee Fort Pagoda, 14 3 44 

Sidout Fort, S. E. angle, 14 27 56 

Todmurry Fort Centre Cavalier, 14 33 47 

^ Wudjar Curior Fort, 15 1 44 


Cochin, 


r Cliitwa Bungalow, 
••*1 Cochin Flag Staff, 

r Allambaddy Fort, 

1 Coimbetoor Palace, 


10 32 6 
9 58 7 


Allambaddy Fort, 12 8 38 

Coimbetoor Palace, ... ... 10 59 41 

r, Dai’apooram Fort Cavalier, 10 44 35 

Coimbetoor,... 4 Erode Fort, S. E. Cavalier, ... 11 20 29 

Kurroor Pagoda, ... 10 57 42 

t Pyney Ilill Pagoda, ... 10 26 23 

CoRG, ... Veer Eajenderpett Hill Tree, ... 12 12 34 

Ganjam, Ganjam Two Storied House, ... 19 22 27 

r Anjadeepa Flag Staff, 14 45 36 

Cabo de Rama Tower, or Cape 7 , ,, , o 

I Tfnmoo f O iw 

-i MurmagaoAMagSt^ff, 15 24 33 

! Tlnf'linl rinllpoTfi _ frnnt. nf flip 1 


Guntoor, 


Htdrabad, or 
THE Nizam’s 
Dominions,... 


Rachol College , front of the 7 
Church, I 

Chintapilly Fort Building, ... 

Condapilly Droog Pagoda, 

1 Guntoor Mosque, 

Innacondah Hill Pagoda, 

Nundygamah Pagoda, 

Ummaravutty Pagoda, 

Alangaon Fort S. Angle, ... 

Ambla Fort, 

Arambi Fort, S. E. Angle, 
Arjunooz Hill Pagoda, ... 

Arri Hill Pagoda, ... 

Ashti Fort, Highest Bastion, ... 

Ashagaon Peak, 

Awsa Hill Musjid, 

Badgaon Fort, S. E. Angle, 


78 15 6 

79 1 54 
78 36 33 

78 47 30 

79 0 40 
77 53 50 
77 25 34 

76 4 23 

76 17 0 

77 47 14 

76 59 46 

77 34 28 

77 46 3 

78 7 16 
77 33 42 

75 51 6 

85 2 52 

74 9 3 
73 57 27 
73 49 56 


15 18 34 74 2 31 


16 41 22 
16 37 59 
16 17 42 
16 3 13 
16 46 37 
16 34 55 

20 56 37 
20 10 14 

20 9 10 
18 29 33 
18 20 8 

21 3 14 
18 17 6 
18 13 23 
20 14 43 


80 10 58 
80 34 17 
80 29 0 

79 46 15 

80 19 41 
80 24 2 

77 40 42 
77 50 18 
77 52 32 
74 42 3 

76 51 49 

77 41 7 
76 40 10 

76 33 41 

77 59 10 








LATITUDES AND LONGITUDES ) 


D str ct or 
Divison 

Names of Places 

Latitude 

North 

Longitude 

East 


IlTDBAnXD OB 

TUB Nizam s 
Domimo’xs 


Balapur Fort, S W 
B-ilbi Palace 
Batumbra Palace 
Bhavani HjU PagoJa 
Bider Base Fast End, 

Bider Base ^ est End, 

B rkur Palace 
Bidar llinaret, 

Boral Hill Pagoda, 

Chalkapnr Hdl Pagoda, 

Cbini Maligaon Temple 
Daroargida Observatory 
Dbarasm HiU P^oda 
wLue Tomb, 

Dhoki Eedgab 
Digrea Fort S E Bastion, 
Boagargaon Util Pagoda, 
Gairargaoa Dnrga, 

Halburca HUl Pagoda, 
Hyderabad Mecca Musiid 
„ Residency Ilousc 

, ResidcDCT Flag Staff 

Raymonds Tomb, 
ItoU Pagoda on Hdl, 

KadmuU Peak 

Ktirbur Serali IIiU Pagoda, 

Kutuphul ndl Pagoda, 

Latur Eedgab , 

bloliabct litll Pagoda, 
Mamdapur Tomb, . 

Manba Budding . 

ileduk Drug Mosque, 

JIudbal "W bite Pagoda, 

My«gaon Hill Pagoda, 
bimuaFortN E Bastion, 
Pabir Pagoda 
Sangwi Hill Pagoda, 
Sekunderabad l/enotapb, 
Cburcb, 

Toramba Pagoda, 

Toma Pagoda, 

Tuljapur Durga 
Eedgab 

UdgbjrMn«jid, « 

Umarkber JJjll Pagoda, , 





1 


LATITUDES AND LONGITUDES.— 


District or 
Division. 


Madura, 


Names of Places. 


Dindigal Plag Staff, 
Madura, N. E. Pagoda, 


Mahratta, ... 


Annagoondy Building, ... 
Oonchicuttae Port S. E. Ar 
Singtatoor Port, S. E. /.•, 
Soondoor Port, S. "W. A, 
Streemuntagud Pagoda, ... 
WatunliuUy Bound Tower, . 


Malabar, 


Angadipooram Judge’s House, .. 

Baekul Fort Cavalier, 

Baypoor Saw Mill, 

Calicut Flag Staff, 

Cannanore Flag Staff, 

Mangalore Flag Staff, 

Paulghatclierry Fort S. W. A, 

I Soobramanee Old Pagoda, 
Tellicberry Flag Staff, 


MASUiarATAH, Masulipatam Flag Staff, ... ... 

Bangalore Palace, 

Belloor Fort Pagoda, 

Chinneroyputtun Fort, ... 

Chittle Droog Flag Staff, 

Hassun Fort, 

Ilolelkurrae Fort Pagoda, 

Kopa Droog, 

J Kowlae Droog Muntapuin, 

Mtsoru, ■< Mailcottab Hill Pagoda, 

Mysore Fort Centre Cavalier,... 
Nuggur or Biddenoor Flag Staff, 

Nundy Droog.Station, 

Paugbur Droog Station, 

Serali Flag Staff, 

Seringapatam Fort Pagoda, 
Shevagunga Pagoda, ... ...... 


Nuli.ore, 


Adtenki, S. E. corner of the ) 
ruined Fort, ... ... j 

Nellore Pagoda, ... j 

Ood.aglierry Droog Station, ... 


Latitude 

North. 

o / 

a 

10 21 

39 

9 55 

16 

10 38 

13 

15 21 

6 

15 8 

5 









u 


LAriTVDES ^iND LONGITUDES— (Coumnei) 


District or 
Division 


Names of Place. 


NelLOEE, . . 

Pelloor Tort, N W Angle, >• 
Poudella Pagoda, . .. 

Venkettyglierry Pagoila, 

15 27 27 
15 S6 34 
13 57 12 

80 5 29 
79 39 36 
79 37 19 

r 

Ramnad, . .. -j 

Ramisseram Sand HUl Pa^da, 
Ramnad Port, Palace Tower, .. 

9 18 7 

0 22 16 

79 20 56 
78 52 9 

S MLM, 

Namcul Droog, Pakecr’s Plag, 
Salem (Pcrria) Port, S "W .2, 
Sankerry Droog Station, 
Womooloor Port, Highest Ca- ) 
valier, j 

11 13 24 
11 39 10 
11 28 52 

11 44 10 

78 12 26 
78 U 47 

77 53 58 

78 4 49 

Tasjore, 

Nagore Flag Staff, ... .. 

NcgapatamlhlTStaff, . . 

Tanjorc Great Pagoda, 
Tranquebar Tower, .... . 

10 49 26 
10 45 37 

10 47 0 

11 1 37 

70 55 24 
79 53 28 
79 10 24 
79 53 44 

f 

TlN^EVEIXT, 1 

PaUmcottah Flag Staff, .. .. 

Tiuncvclly Highest Pagoda, 
Tutacorm Flag Staff, . 

8 43 32 

8 43 47 

8 48 8 

77 46 43 

77 43 49 

78 1 27 

To'SHXMAK, ... 

Tinnmm Hill Fort Tree, ..... 

10 14 54 

78 47 37 

TBAVA^COBE, j 

Oodagherry Flag Staff, ... 

Qmlon Flag Staff, ... .... 

Tnvanderam Great Pagoda, . 

8 14 37 

8 53 28 

B 29 3 

77 22 49 
76 36 59 
70 59 0 

TBIXCUISOrOLT,' 

Trifchmopoly Rock Station on 7 

Pagoda, „ S 

^ Trimlary Rock Pagoda, . ... 

10 49 45 

10 57 26 

78 44 21 

78 42 33 





lii 


LATITUDES AND LONGITUDES of the prmcipal jjlaces in 
the BOMBAY PRESIDENCY, Extracted from the Records of the 
Great Trigonometrical Survey of India. 


District or 
Division. 


IsTames of Places, 


Latitude Longitude 
!N'orth. East, 


Ahmednagar 

COLLECTORATE, 


Bombay Island. 


KolapurStatb,- 


IsTorth Con- 
ran COLLECTO- - 


Poona Collec- 


Alsunda Hill Pagoda, 
Chanda Hill Pagoda, 
Kalsubai ditto ditto,... 
Kothul ditto ditto, 
Phalsi ditto ditto, ... 
Rasin Pagoda,... 
Wandew Hill Pagoda, 


Bombay Observatory, 

„ Light-house, 

„ St. Thomas’ Cathedral, 

„ Baykala Chui'ch 

„ Butcher’s Island Tower, 


Bhowra Fort Musjid,... 
Phonda Ghaut S. Peak, ... 
Salwa Hill Fort W. end, 

Talia conical Peak, 

Walwan Mound, 

Karnala Peak highest Point, 

Malangar Peak, 

Shiw Fort Flag Staff, ... 
Uran Hill Pagoda, ... 

Bhawra Hill Pagoda, ... 
Bholeshwar Hill Pagoda, ... 

Dhonda Pagoda, 

Gangarh Rock, ... ... 

Kondapur Pagoda, ... 
Lohogaon Hill Pagoda, 
Nighoj Hill Pagoda, 

Parvati Hill H. Pagoda, 
Patas Hill Pagoda, 

Poona Observatory, 

„ St. Mary’s Church, 

„ Chinchwar Pagoda,... 
„ Lowla Hill Pagoda, 

„ Phursangi Pagoda,... 
„ Bapdew Ghat ditto, 

„ Singarh Fort, 

Purandhar Hill Pagoda, 


O / '> 

O / [i 

18 29 15 

75 3 14 

18 38 49 

74 57 32 

19 36 0 

73 45 2 

18 46 36 

74 45 57 

19 20 52 

74 30 39 

18 26 5 

74 57 47 

18 46 27 

74 48 33 

18 53 45 

72 51 14 

18 53 40 

72 51 10 

18 55 50 

72 52 30 

18 58 5 

72 52 23 

18 57 31 

72 56 41 

16 32 37 

73 51 27 

16 15 3 

73 57 40 

16 27 24 

73 45 46 

16 28 28 

73 55 31 

16 25 6 

73 54 22 

18 52 49 

73 9 35 

19 6 29 

73 13 7 

19 2 43 

72 54 32 

18 54 1 

72 57 59 

17 57 53 

74 59 32 

18 26 5 

74 16 58 

18 27 57 

74 37 43 

18 31 34 

73 24 41 

18 43 36 

74 14 38 

18 37 6 

73 57 45 

18 44 35 

73 51 56 

18 29 47 

73 53 19 

18 25 55 

74 32 25 

18 30 41 

73 55 21 

18 30 23 

73 55 33 

18 37 19 

73 48 si 

18 31 18 

73 44 40 

18 28 23 

74 1 9 

18 24 26 

73 56 55 

18 21 52 

73 47 46 

18 16 33 

74 0 45 







Im 


LATITUDES AND iOiVG/TCDSS— (Continued ) 


District or 
Division, 

Names of Places 

Latitude 

North 

Longitude 

East 

Teubitobt, j 

Agoada Port, . • 

„ Liglvt Ivaiist, 

„ St Lorenzo a Church, 
Nar;7ar Church, ... ... 

15 20 20 
15 20 26 
15 29 32 
15 35 23 

73 48 56 
73 48 S7 

73 40 24 

74 21 17 

PirsT Sa-ckin, < 

Lingana Hill Port, . 

Rwgarh House in Fort, . . . 
Tikonahort, ‘ 

Torna Port UiU Station, 

„ Kock, .. 

„ Peak 

Tung Fort pagoda, ... 

18 15 7 
18 14 40 
18 37 50 
18 16 26 
18 15 58 
18 15 57 
18 80 30 

73 32 38 
73 43 26 
73 33 15 
73 39 47 
73 30 19 
73 39 7 
73 30 19 

Ratkaguibi 

CotlECTOBATC,' 

Adhur Hdi Pagoda, . . ► 

Bala Pit, . 

Charabardrug Peak, 
lort Victoria, 

Makrangarb W Fort Bush, . 

„ E Fort Centre, 

hlumbri HiU, ... 

Ran Port N Bastion, » 

Ratnaghiri Port, 

ShomiTarcliar Hill Port, . 

Sipgaon llichest Point, . 

Sideshwar Sort Highest Point) 
E end, ) 

Vingorla Signal, . 

"W aloU Centre Rock, 

17 24 11 
17 34 48 
17 58 17 
17 58 19 
17 50 56 
17 50 53 
16 21 27 

15 45 7 

16 50 42 

17 48 26 
17 57 27 

16 7 57 

15 51 14 
15 50 24 

73 12 41 
73 17 51 
73 18 19 
73 5 1 

73 38 SO 
73 38 47 
73 24 44 

73 42 25 

73 18 43 

73 33 11 

73 23 81 

73 55 15 

73 39 24 

73 38 26 

ScindiasTeb r 

EITOBT, . 1. 

Moreshwar Pagoda, ,,, .. 

Pergaon Pagoda, 

18 26 35 
16 36 38 

74 46 5 

74 44 56 

SATTABASTiTEjj 

Kumbnghat Peak, 

■Mabadeo lIiU Pagoda, 

Pah Hill, 

Partabgliar Hill Fort Tree, 

Sulki llai pagoda, 

18 22 11 
17 51 7 
17 35 18 
17 50 6 
17 45 41 

73 27 38 

74 41 29 

73 46 4 

73 37 10 

74 55 52 

SvwL^TWAnE^,| 

Hanmantghur Conical Point W ) 
end of Sort, 3 

Mmgaon S Peak, .. * • . 

15 51 12 

15 56 47 

74 0 23 

73 50 9 






liv 


LATITUDES AND LONGITUDE S.-~{Oon\:mxx^&.) 


Names of Places. 


Kalam Peak Nortk, 

)) Soufli) ••• *t. 

Karld Hill Pagoda, 

Kern ditto ditto, 

Karmala Pagoda, 

Mhaisgaon Hill Pagoda, 

Wairag Pagoda, 

War dal Toml), ... 

Raigarli Palace S. end of Fort, 

„ Hill Pagoda in Fort, 

Sir Sidney Beckwith’s Monu- 7 
ment Mahbleshwur Hills, ... j 

Note. — The Latitudes given in these Tables are derived from ■ independent 
Astronomical Observations made at the following stations ; 


Latitude, Longitude, 



O 

/ 

ft 

o 

t 

a 

Punnoc Station, ... ... ... ... 

8 

9 

33 

77 

39 

42 

Dodagoontah ditto, 

12 

59 

53 

77 

39 

41 

Damargida ditto, ... 

18 

3 

16 

77 

42 

31 

Kalianpur ditto, 

24 

7 

12 

77 

41 

45 

Kaliana ditto, 

29 

30 

49 

77 

41 

33 


On the other hand the Longitudes recorded in the Tables are all deduced from 
Computations, taking that of the Madras Observatory as the origin of the deductive 
process. The value of this fundamental element as used in the Computations of the 
Great Trigonometrical Survey is as follows ; 

Longitude of the Madras Obser-l ° ' f Determined from Captain War- 

vatory East of Greenwich, ... I ren’s Observations. 

In the Tables of Latitudes and Longitudes of the Great Trigonometrical Survey 
Stations, given in the Lithographed Eevenue Survey Maps, the Longitudes used are 
called “ corrected Longitudes” because they are Great Trigonometrical Survey 
values diminished by 0° 3' 25.' This correction has been applied with the view of 
referring those elements to the Longitude of the Madras Observatory (80° 13' 56 ) 
as subsequently adopted by the Board of Admiralty, and the Eoyal Astronomical 
Society of London, but in the foregoing Tables, the Longitudes recorded are 
uncorrected elements. 


Latitude 

North. 



District or 
Division. 


SiroLApunCoL- 

liECTORATE, ... 


Tanna Col- 

IiECTORATE, ... ' 
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APPROXIMATE LATITUDES AND LONGITUDES of Places 
not actually fixed by the Great Trigonometrical Survey, but derived 
from the best Geographical materials. 



Akjab, ... ••• ... .M ... 

20 

6 

0 

92 

BG 

0 

A ... ... ... ... 

33 

53 

34 

72 

IG 

57 

Amballa Town,... ... 

SO 

23 

4 

76 

48 

42 

Burdwan, ... 

23 

13 

10 

87 

52 

20 

BkauguIpooT .» ...... 

25 

U 

50 

87 

0 

0 

Bakergunj, 

22 

35 

40 

00 

17 

0 

Bkopaur ... ... ... 

22 

37 

10 

75 

3 

0 

CacW (SUckar), ... ... ... ... 

Cherra Foonjee, ... ... ... ...... 

24 

48 

40 

02 

47 

17 

25 

IG 

35 

91 

43 

55 

Chittagong, 

22 

20 

30 

91 

47 

30 

Chaihhassa,... ... ... ... ... ... ... ...... 

2-2 

31 

40 

85 

46 

15 

Cbota Hagpoor, or Ivisbopoor, ... ... ... ... 

23 

25 

35 

85 

19 

10 

Dacca, ... ... 

Darjeeling, ... ... ... ... ... ...' 

23 

43 

10 

90 

23 

40 

27 

8 

0 

88 

18 

40 

Dohroghur, ... ... ... ... ...... 

27 

31 

45 

95 

1 

0 

Erinpooro, ... .. 

25 

9 

15 

73 

9 

40 

PcrcTzpoor, ... 

Futtengarh, 

30 

57 

5 

74 

41 

48 

27 

23 

20 

79 

40 

25 

Furreedpoor, 

23 

8G 

30 

89 

52 

20 

Futtchanad ... ... 

2S) 

so 

29 

75 

29 

54 

Gowalparo, ... ... ... ... ...... 

2G 

11 

0 

90 

40 

0 

Gowhatty, ... . . ... ... ... ... 

2C 

11 

15 

91 

47 

10 

Haicepoor. (Funiauh,') ... ...... 

31 

67 

50 

75 

50 

40 

IIqqsI Fort ... ... ... ... ... 

20 

0 

4 

76 

0 

28 

Ilazarcebaug, ... ... ... ... ... ... ...... 

24 

0 

0 

85 

24 

20 

llissar, ... 

29 

9 

12 

75 

45 

51 

lloshearpoor, ...... 

31 

31 

30 

75 

57 

45 


23 

9 

0 

89 

10 

SO 


Jullundhur, 
Ivangra Fort, 


Kurtarpoor Temple, 

Kyook riijoo (New Town,) 


Loodiana Town 
liccan llecr, 
Mooltan, ... , 
MoorsLcdaljad, 
Munn'ipoor, 


31 

19 

30 

52 

G 

10 

S3 

32 

30 

31 

26 

40 

19 

25 

10 

31 

35 

0 

30 

55 

45 

31 

33 

10 

30 

10 

40 

24 

11 

50 

24 

48 

20 










Ivi 


LATITUDE AND LONGlTUDE~{Oon(mx\e&.) 


ITames of Places. 


Latitude 

North. 


Longitude 

East. 


IMynumsing, ... ... ... 24 44 50 90 24 20 

Nakodur (JuUundhur Dooah), 31 7 0 75 30 25 

Neemuch, 24 27 30 75 2 30 

Noacolly, 22 45 30 91 1 15 

Noivgoiig, (Bundcla State), 25 3 30 79 31 0 

Nuddia, 23 24 0 SS 22 20 

Peshau'ur, 34 0 5 71 38 0 

Pooree, Juggurnath Pagoda, 19 48 9 85 49 10 

Purneab, 25 48 0 87 33 0 

Rau-uljundee, 33 34 40 73 5 20 

Rungpoor, 25 42 50 89 14 50 

Sabatlioo, ••• ••• •••••• 30 58 20 77 I ' 55 

Saugor Town, ' ... 23 50 0 78 47 55 

Sylhet, 24 53 0 91 50 30 

Tezpooi', 26 36 45 92 50 10 

Tippei’ah, Comillah, ••• 23 27 30 91 5 40 

Tirhoot, Mozutfurpoor, 26 7 20 85 26 15 

Tohanuah, 29-42 11 75 56 26 

Wuzecrabad, 32 26 20 74 9 50 






LIST or PLATES 


Ann 

Diroctloxxfi to tbo Binder. 


ri^iTB 

Figwrcs of Kelasbccs 

To face Tage 
rrontiepxece 

I 

Midras fattero Perambulator 

, 107 

IL 

Scale of Chords &c. 

212 

ni 

Spcciroen of Pield Booh 

, 242 

IV 

Plan of a Tract of Country 

244 

V 

Signals 

316 

VL 

Specimen of Chudder Map 

336 

VII 

Bcconnavssancc Report, 

3^5 

vn^i 

Ray Trace Tnangulation. 

448 

vnz7 

Net Work Triangulation <,0 

438 

via 

Village Plan and Register N W P 

503 

i\ 

1 lUagc Plan Register for Bengal. 

544 

V 

Specimen of Porgunnah Plan 

522 

\r 

Contouring 

513 

i.n 

Topograpbical Items 

530 

vnr 

Spec men of Takbust 

580 

MV 

Specimen of Kbnsrab. 

584 

w 

Litto of Improved Ehusrab . . 

COS 




ERRATA 


Diaj Tb XIII 
9 


Diag Prob I 
» >1 ni 


13 

Diaj Tb II 
S4 


21 

U 

lo 

D affram Pro ' 
WemXVIII . 
19 

D^af^m PrcH 


i RcTerso letters "M and L 
in II a^m 
BKLH = KCML, 
AEB ACD, 

IB Ad (AD) AC Ae 
Adc 

a c and b d 

( Letter D omitted at end 
( ofLineB1234 
( To maVe a Hbombcs *> 
^ cnnftl to a given imc > 
( ) 
FG 

given lines and B 
I « 30013, 

betweeAt, 

( Omittbeeemcolonat the 
1 end of tl e line 
Sines of thcir angles 
{ Jo n the points B & C in 
( the B sgTOiD 
on D a5 a centre 
AB 

12 Squares 
AC55ebs nr, 

BD\, 

1 ne, 

cb, 

letter SwenUngintl eB ag 
fob, 

T > n v»r •» ^ T' 


BKLH + KCML 
AFB « ACD 
AB Ad (AD) AC Ae 
Adf 

e a and d b 


To make a RbBmbus 
t* equal to a given line 
FC 

f iven lines F and E 
'730013 
between 


Sines of the angles 


enSaaa centre 
I aC 

1C Squares 
I Tix AC 65 ebs 
BBfl 
) aes 
Cb 


Biagram 

a m 4tb square. 

Jo 

4 3 0, 

9 

Obiervatioos, 

8 

D tto 

7 

Bif 15 

6 

Conaista, 

12 

Slock, 

25 

block IIGKC, 


angle BED, 

15 

two and known angles 

24 

inelosore 

4 

incloeures. 

13 

insure 

So 

insure, 

6 

blue. 

11 

Ac 

5 

commence at Z 


I angle e 
* angles m and n 
The Bines of the angles 


observatoriM 

d tto 

S nlB 

consist 

Slocks 

block IIGC^ 

Vngle BEO 

two known angles 

enclosure 

enclosures 

ensure 

en«iire 

bhic 






ERRATA. — Continued. 



17 
6 

34 
29 
32 
■ 13 

Diagram 
3 

18 
28 


11&12 

4 

Diagram 

27 

10 

32 

33 

20&21 


! for -727940 = 5*35 lat,,!*.*! 

* TVtllVGSj •••• 

. Thedolite, .... 

. A) D) 0) D) F) A} .... 
. adopts, .... .... 

. Diagi-am Page 329, .... 

. 93° 31', 

. 6840 Feet, .... .... 

. Light vane,.... .... 

fPIace inverted commas at 
the commencement and 
end of 1st and 2nd 
J Para, and * with a cor- 
■ \ responding note at the 
1 bottom of the Page. 

I “S'ci'scheVs Astro- 
oiomy” 

. -^inverted,.... .... 

C Insert a comma, after 
. < the vror&R formula, and 
( excess. 

^ L' and A' .... .... 

P at South Pole, .... 
PP' .... .... 

(inverted delta,) .... 

CDEF 

CEFD .... .... 

per mile of a mile, .... 
good reason that, .... 


Ff. 

•727940 = 5-34 lat. 
waves. 

Theodolite. 

A, B, C, D, A. 
adapts. 

Diagram Page 323. 
93° 30'. 

15840 Feet. 

Sight vane. 


L' and B'. 

P' 

P' 

yS 

CD — EF. 

CE = FD. 
per mile. 

good reason to believe that. 





